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OEOLOGY OF NEW JERSElfV--.. 



IKTBODUOTION. 

Thb geological etrnctare ot a region beiog intimatelT connected 
with its external physical featnrea, iC will usnall; be found that a 
correct view of tlie latter will materially assist ne in anderatanding a 
detailed description of tho former. I therefore propose introducing 
my account of tbe geology of the Slate of New Jersey, with the follow- 
ing brief elcetch of the pnysical aspect which characterizes each of the 
■several districts into which it nataratly divides itself. 

The Stiite is separated on the northeast from the State of New 
York by an artificial boundary line, which commencea at the Hadson 
river, very near lat. 41°, and extends in a northwest direction to the 
Delaware river at Carpenter's Point, or the month of the Macacomac 
river : but on every side it is enclosed by a natnral boundary, namely, 
t>y the Delaware river and its bay, on the northwest, west and sontn- 
west, and by the waters of the Hndaon river, the Raritan bay, and the 
Atlantic ocean on the east. 

Its extreme lengtli, meaenred by a line mnning nearly dne north 
from Ospe Hay to Carpenter's Point, is abont one nnndred and sixty- 
four miles,* while its shortest diameter, measuring fVom the Delaware 
river near Bordentown, to the Raritan bay near tjontb Amboy, is 
about thirty miles. 

The area of the State, approximately estimated, is about seven 
thousand two hundred and seventy-six square miles. In shape it 
bears some resemblance to a bean — its northern half representing the 
one lobe, its southern half the other. 

A slightly undulating line, stretching from the Delaware river, a 
little below Trenton to t<<e Raritan river at the month of tke Law- 
rence's Brook, below New Brunswick, divides the State into two 
regions, which are nearly eqnal as respects their area, but wliich are 
Btrongly contrasted if Wd regard their external physical features and 
scenery, their geological structure, mineral productions, and prevail- 
ing soils. 

The portion of the State lying sonth of tbe Baritao bay and east of 

■ 3ee Oordon'* Guattcer for Vew Jtntj, 




4 GEOLOGY OF NEW JERSEY. 

the tidewater [Mrtioo of the Delaware* and the line above mention 
is remiirkiikle for its low, level, and .fiqilorm surface. With the 
ctption of a (aw isolated hills dChonthle elevation, which occur at 
tant points, chiefly in tlie'liorthern part of the region, this exten 
plain seldom rise^-Mgber.t'fian about sixty feet above tbe sea, I 
exteneivcly peliefi^ecr, however, by streams that have a very ge 
deBce;)l>. frojn Hm snmmit level of the region — one-half of them i 
ni(r^.wiltt.«nd directly iDto the Atlantic ocean, while the other 
{)nraird'ii westward ouarse, and empty either into tbe Delaware r 
'or the Raritan. The whole surface of this area is extensively und 
ted by aeyatemof ravinesof denndation, which famish their drain 
to tho numerons streama allnded to. These, in connection with 
banks of the streams themselves, afford a ready access, to a mode 
depth, to the valuable mineral deposits which expand widely ben 
the surface over large tracts of this section of the State. 

Throughout this entire district the strata are very nearly horizoi 
excepting a brown aaiidstooe and a thin limestone, both of w 
occur only in a few localities of limited range ; the mineral dep 
are generally soft and nncemented masse?, consisting of a series u 
ternating B.inds and clays. From the evidence derived from thi 
ganic reniaiita imbedded in the strata of the southern half of the S 
these behmg, with very few exceptions, to the latest period of 
secondary Jormationa of onr continent. The exceptions referre 
are a few voiy local and shallow deposits of a still later tertiary < 

The soil, thronghont by far the largest part of this region, is ex 
ively sandy, and more than three-fourths of the surface is covere 
an almost continuous forest. Towards its northweBtern side, how( 
there prevails a tolerably broad belt of much more fertile land, exi 
ing from tho northern half of Monmonth county, where it is wi 
regularly dimiiiiBhing in breadth, in a southwest direction, to Sh 
Its nortliwestern margin ranges pnrallel with the Delaware river 
tbe railroad from Bordentown to South Amboy, keeping gene 
within fmm three to six miles of them. This highly favored t 
which is denominated tbe " marl region," and which will be mini 
described in the following pages, resembles the rest of tbe dii 
very closely as to its general topographical features, hut offers a i 
ing contrast in pohit of agricultural piodnctivenees. Its soil, v 
usually poESisses a more or less proportion of tho Bubjacent "n 
or green sand, in its composition— rderiving hence its superiority- 
longs principally to the two varieties denomiuated by larmers s 
loam and ionmy sand. 

The northern half of the State, or all that portion of it whicl 
north of iLo Hue connecting the Delaware and Raritan, at poin 
spectivily a little below Trenton and New Brunswick, exhibits ti 
eye of ihe traveller a scenery whidly different from that of the 
monotonous tracts of the southern division just described — posse 
a Eurfitce at imce diversified and pictureEque. When we view tli< 
eral districts included within this interesting and varied region, w 

■ The tii!c eitcndi m high ap u TreDton. 
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er in reference to their dietinctive physical featoreB, their particnUr 
tnineral prodiictione and geulofrical strnctnre, or their cbarBcteristic 
soils, we find the whole susceptible of a Datural sahdivUion into throe 
well-marked tracts. 

The jJrai of these, or that upon the eonth-east, compriaoa nearly one 
half of the whole area of the northern half of the State, which it 
crosses in a northeast and eonthwest direction, from the Delaware 
river to the New York state line, having a length of ahonl seventy 
toiles. Its Boatheastern limit is formed in part by the line already 
tneotioncd as extending from Trenton to New Brunswick, in part by 
Staten Island Sonnd, connecting the Karitan and New York bays, and 
in part by the Hndaon river. 

Its norlhweetern edge coincides with the base of the range of hills 
denominaied in New York and in this State, the Highlands. This 
boundary follows the foot of the chain from the New York state line 
in a southwest direction to the Delaware river, coinciding for several 
miles very nearly with the course of the Bamapp river ; then pursu- 
ing, in a gently curving course, the base of the Pompton Hotmtain, 
the Tfkiwbridge Mountain, Mine Mountain, and the Musconetcong 
Mountain, until it meets the Delaware in the vicinity of Durham. 

Tbe average widtb of the district between the two limits here traced 
is about twenty miles. Both as respects its geology and its topograph- 
ical features, this is one of the best characterized belts of country in 
the State. Most of its surface is a moderately undulating plain, com- 
posed almost exclusively of a more or less argillaceous red sandtlone. 
Sat this plain is diversified by nnmerous abrupt and rugged hills, and 
long and narrow ridges of no great elevation, but of very steep and 
rocky sides, consisting of greenatone trap, which impart to the district 
much pleasing scenery, and lend to its geology and mineralogy some 
highly curious and interesting peculiarities. 

The second division of this part of the State includes the entire 
chain of the Highlands, bounded on the southeast by the line already 
traced :ilong the base of the Bamapo, Pompton, Trowbridge, and 
Mine Monntains, Fox Hiil east of German Valley, and Mu?coneteong 
Mountain, and on the northwest by the northwestern base of the ridges 
known as the Pochuck Mountain, Pimple Hill, Fnrnace Mountain, 
Jenny Jump Mountain, Scott's Mountain, and Marble Moimtain at 
the Delaware. 

The belt of hills embraced within the limits here delineated is 
widest towards New York, their breadth at the state line being ahoot 
twenty-three miles; while a transverse section through Scott's and 
Musconetcong Mountains near tbe Delaware will not exceed nine 
miles. 

Though possessing only a moderate elevation, which rarely exceeds 
six hundred feet, measured from the adjacent valleys, they are distin- 
guished by their mountainous aspect, their sides being usually very 
nigged and steep, their outlines boldly undulating, and their surface 
for the moat part clothed with forest. The whola group consists of a 
aeries of parallel ridges, composed, with the exception of a single 
range — the Green Pond Mountain — of thickly-bedded stratified pri- 
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mart/ rocks ; the prevailing directioD, botli of the etrata and the ridg< 
which thev form, being aboDtnorthcaBt by north and southwest t 
SOQth. Inclnded between tbeee ridges occur several long, narrow, ati 
parallel valleys, In which the soil, differing from that of the htlh, 
fertile and often highly cultivated. The enlijacent rocks of tbei 
valleys is a blue Hmestons of the ancient secondary date. 

The perfect levelness of certain tracts forms a singular and strikiii 
feature in some of these valleys, and in the parts of the red sandstoi 
region bordering the southeastern base of the Highlands. Thei 
" plains" are in some instances extensive ThOtural meadows, which ai 
in many cases underlaid by beds of peat Among them are the Fom] 
ton, Snccasnnny and Morris Plains. The substratum of these plaii 
u commonly a deep deposit of dUuviai graod. 

Tlie Mtm and remaining district into which the northern half < 
the State naturally divides itself, comprising a large part of the com 
ties of Sussex and Warren, is embraced netween the northwester 
base of the Highlands, already traced, and the Delaware river. ^ 
broad and fertile valley, occupying rather more than three-fourths < 
tbia district, and boaoded on the southeast by the base of the Higt 
lands, and on tlie northwest by the foot of the Bine and Kitlatinn 
Hotintains, extends thronghoat its whole length, from the New Yor 
state line southwestward to the Delaware river. 

The average width of this comparativelv level belt of country, th 
proper name of which is the KiitatinTvy Valley, is between nine an 
ten miles, while its length, from the New York line to the Delawar< 
is abont forty miles. It is drained throughout two-thirds of its entir 
length by the Fanlinskill, which flows nearly centrally along it to th 
Delaware. The other portion next New York is watered by the Wall 
kill and its sources. Its surface is moderately uneven, presenting th 
aspect of a gently-rolling plain, intersected here and there by abrnp 
ravines and the valleys of the streams. It presents many knolls am 
low ridges, which become more numerous and elevated as we ap 
proach the base of the Bine Mountain. 

Two varieties of rock, limestone and slate, ranging in several paral 
lei bells, some of them throughout its entire length, compose the slra 
tft of this valley. The widest zones of the limestone occor in thi 
sonthesatem half of the valley, while along the northwestern side i 
broad belt of the slate extends parallel with the base of the Blni 
Mountain. It has many tracts of highly fertile soil, especially when 
the limestone underlies the surface. 

Bordering this valley on the northwest we have the conspicuoni 
mountain ridge known as the Blue Mountain or Xittatinny, remarka 
ble for the level ontiine of its summit, the singular straightness of iti 
course, and its superior elevation, compared with any of the othei 
hills of the State. The width of the mountain at its base is from onf 
to three milea, varying at different portions of its length, but heinj 
greatest where it traverses the nortliem half of Sussex county. Its 
greatest height appears to be at the Water Gap of the Delaware river, 
where it has been estimated at fourteen hundred and f>}ty feet. 

The materials composing this mountain are hard sandstone and 
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conglomerate, imparting to ita Bteep and brokoD sides, and to the 
country jmmediatelj at its boee, a rongU and Btony soil, Mttle conge- 
nial to the wants of ngricultiire. Along its northwestern base and 
slope this high ridge is almost everywhere covered with forest ; bat 
in Eome portions of its length, especially that part which liee in Soft- 
sex county near the New York line, large tracts of fertile farms oc- 
cupy its sontheastem flank. This feature, so unnsnal to the Kittatinny 
Mountain thronghont its course across Pennsylvania or New Jersey, 
and which seems confined to this part of Sussex and to the adjacent 
counlies of New York, arises from the circumstance that the soft and 
tillable slates of the southeastern baae of the mountain rise to a more 
than nsnal height upon its side ia these cultivated sections. 

The rest of the northern region of the State lying between the 
norlhwestem base of the Blue Mountain and the Delaware river is 
comprised in a narrow valley, the surface of which slopes gently to 
tlie northwest or towards the river. The soil of this confined belt of 
country is various, partaking partly of the nature of the several qq- 
deriying strata, partly of the materials which have been swept hither 
by floods from the adjoining Blue Mountain and from the more ele- 
vated lands of Pennsylvania, lying to the north and northwest. Im- 
mediately bordering opon the nver we find a belt of highly fertile 
land, of dilnvial ana alluvial origin, gazing upon which the traveler 
on the summit of the Blno Mountain may regale Lis eye with a series 
of highly pleasing pictures, embracing a long tract of the richest 
farms, the meanderings of the beautiful Delaware, and the picturesque, 
and varied slopes of the neighboring ridges. 




PART I. 



GEOLOOT OF TH£ NOBTHBKH DITISION OF TEE STATE, BHBR&CING THE 
COUNTIES OP SUSSEX, WABBEN, BDITrBEDON, HOBEIS, BEBQEN. PAS- 
SAIC. ESSEX, B0MEB3BT, HEBOEB, AM) PART OF HIDDDSSEX. 



Of Hie Formatiom embraoed wtiAtn the Nortiiem Division of the 
State. 

Tlie rocka vhich conatttate the Botnewhat diversified geology of the 
Dorthern half of tho State are to be claseed in three separate groops, 
readil; dislingaishable hj their diS'ereut mineralogical characters, the 
dates of tlieir formatioD, and the belts of country to which they Beve- 
rally belong. 

Enumerating them in the order of the period of their prodaction, 
they ore, 

First. A gronp of primary rocks, confined to the Highlands and 
tho vicinity of Trenton. 

Secondly. A group of older secondary strata, confined to the north- 
western portions of Sussex and Warren counties, from the base of the 
Highlauas to the Delaware river, and to moat of the regnlar valleya 
between the primary ridges of the Highlands. 

Thirdly. A gronp of middle secondary strata, lying in the broad 
belt of CO antry between the sontheastern foot of me Highlands and 
the bonndarr connecting Trenton and ISew Bmnawick, including, 
also, ^tho red shale, red sandstone, and conglomerate rocks, of the 
Green Pond Mountain. With the above third group are connected 
the trap rocks, which are confined almost exclusively to the region of 
the middle secondary formation, jost referred to. We arrive at a 
ktiowledgo of the relative dates of these several formations, from the 
order in which they severally overlap each other: thus, the lower 
members of the older secondary or Appalachian series, especially the 
blue limestone, the second from the bottom of the group, will be uiand 
to encircle very extensively the bottom of the hUlB, or spnrs of the 
Higlilanda, and to repose at a moderate inclination unoonformably 
npou the priTnary rocks of which these hills are composed. In like 
manner, both along the southeastern foot of tlie Highlands and around 
the Green Fond Mountain, the rocks ot the middle secondary group 
are seen to overlie these Uncer secondary or Appalachian rocks with 
an unconformable inclination, which plainly establishes the subae- 
queocc of their date, by showing that tl^e others had already been np- 
lit'ted before these ovenapping rocks were deposited npon ttiem. We 
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behiild the trap rocks resting in many tnetrinces in tbeir tarn upon the 
middle Becondary strata of their district, arid with such obvioua ap- 
pearancee at the line of contact of the two formations of a dismption 
aod partial fasion of the latter, as to teive no donbt in the mind of the 
observer, that the fk^rmer were ponred out thron^h fisjurea in the mid- 
dle secondary rocks, at a period when these had been already deposit- 
-ed, and at least partially solidified. 

The following tabnlar arrangement of the rocks and strata of the 
northern division of the State specifies the name and nature of the se- 
veral formations, and exliibits the order of their enccession from the 
trap, which is the newest rock of the region, to the primary strata, 
which are the oldest. 

The geological map will render intelligible the range and extent of 
each of these formationa, while the accompanying sedtons will point 
out the manner in which they are severally related in the order of su- 
perposition. 

TABLE, 

Showing the order of succession of the rocks forming the northern 
division of New Jersey. 

Trap Socks. — Generally coarsely crystalline ; sometimes fine-grained 
and basaltic ; they rest nnconformably upon the middle secondary 
strata, through which they liave been protruded. 

Middle Secondary Rocks. 

1. Variegated calcareons conglomerate. Generally a very het- 
erogeneous rock, in wliich a large proportion of the pebbles are 
limestone, tlie cement consisting chiefly of red argillaceous earth. 
2. Red argillaceous sandstones and red shales. Towards the 
lower part of the formation, contains numerous beds of coarse, 
gray, arenaceous sandstone. 

Loiiier Secondary Hocks. 

1. A light blue and gray fossiliferona limestone — the lower mem- 
ber of formation VJII. of the Appalachian series — extends be- 
tween Carpenter^s Point and Wallpack Bend. 

2. Bed and variously colored argillaceoas shales. Passes into a 
heavy compact, red sandstone. Occupies the northwestern base 
of the Bine Monntain. 

3. A compact, white and gray sandstone alternating with mas- 
sive layers of white quartose conglomerate — the principal rock 
of the Bine Mountain. 

4. A ditrk, argillaceous, shivery slate, sometimes including beds 
of roofing slate. Kittatinny Valley. 

5. Blue limestone — presenting great diversity of aspect and com- 
position — Bonthoast side of the Kitt»tinnr Valley ana its branches. 

6. A white quartoze sandstone, somewhat coarse and friable 
Oconrs only in a few isolated localities. 
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Primary Bocks. ' 

TKese are, almost exclnsivelj, of the stratified class ; consist 
of gneiss under all its forrns — the granitoid variety greatly j 
dominating. Innumerable small veins of felspathic granite, i 
nite, &c., penetrate the gneiss. 

In offering a systematic description of the geological phenomena 
a region, we have our choice either to begin with tlie deposits of a 
cent date, referable to easily explained causes, passing successively 
those of more remote eras and obscurer origin, or to commence c 
history with the earlier occurrences of our globe, and trace them 
their natural order of succession. 

As the latter method seems the one best adapted to onr presc 
object, which is not merely to describe the characteristic geologic 
features of the region, but to unfold, in correct chronological ord< 
the successive stages through which it has passed in acquiring i 
present complicated structure, I shall adopt it in these pages. 

The formations will therefore be treated in the ascending order 
regards their superposition, or in the order of geological time, as r 
spects the date of their production. 

I shall commence witn an account of the geology of the Highlan< 
— these ridges consisting of the oldest or primary formations. 

CHAPTER 1. 

Pbimary Rocks of the State — Geology of the Highlands. 

Composition and Structure. — The rocks which constitute the chai 
of hills to which we give the general name of the Highlands of Nei 
Jersey, are embraced, with a few exceptions, in the group denomina 
ted by geologists the gneiss system. They are composed of the sami 
assembbge of materials as the ordinary varieties of granite, viz. 
quartz, fdspar, mica, and hornblende (and sometimes augite, magnet 
ic oxide of iron, garnets, &c.), but differ from the true granites bj 
possessing a stratified structure. 

Their strata are, however, very frequently penetrated by veins and 
dykes of granite, sienite, greenstone, and other rocks of unequivocal 
igneous origin, a circumstance naturally calculated to lead the inat- 
tentive observer to infer that the granitic or nnstratified primary rocks 
form an extensive portion of these hills. This prevailing misconcep- 
tion is heightened bv the granitoid character of the gneiss, which is 
seldom comparatively of the schistose kind, bein^ far more commonly 
a massive rock in thick beds, containing relatively few divisional 
planes. Its analogy to common granite is still further increased by 
the relative deficiency of its mica — the usual mixture being either 
felspar and quartz, with a little mica, or felspar and quartz alone; or 
felspar and quartz and an excess of hornblende; and, not unfreqaent- 
ly, felspar, quartz, hornblende and magnetic oxide of iron^ which in 
many places seems to take the place of the mica, giving to the rock 
the speckled aspect of a micaceous gneiss. Magnetic oxide of iron is 
jU fact an abundant, we might almost say a characteristic comtitiient 
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in the rocka of this region, for it occurs not iijerely as an occaaioDal 
iDgredient in tbe gneiss, bnt in great dykes or Teina penetrating the 
stratn. It may be stated aa a general teatnre in the geology of tbis 
region, tbat mica, talc, cblorite and other laminated minerals of the 
micaceoDB order — prominentingredionts in the more Bchistoge primary 
Btrata — rarely prevnil to any extent as regntar conelituents of the gneiss 
rocks of the Highlflnda. In this respect this whole primary chain, 
viewing it from tne Delaware to the Hudson, preaenta a atriking con- 
trast to the other zone of primary atratified rocks, which travereea the 
eoontry nearer to the seaboard with little interruption from New 
England to the Southern States. The gneiss rocks of tliat belt border- 
lag Long Island Soand, passing throngn New York and Staten Island, 
reappearing at Trenton, and ranging tbrongh Penosylrania and 
Maryland, are distingaiahed for t£e prevalence of mica and other 
thinly laminated nimerals, imparting to them either tbe schiatose 
Btrnctnre, or the more or less tbioly-bedded character of ordinary 
gueisB. 

A common feature in the massive gneiss of the Highlands is, a ten- 
dency to parallelism in the arrangement of its minerals, especially of 
tbe felspar and hornblende. In this case tbe chryatala are of a flattish 
fornn, and are apt to lie in tbin and somewhat separate alternate layers 
in the rock. This atructaro aeems strictly in harmony with tbe doc- 
trine which assumeB that tbe so-cailed primary stratined rocks have 
been once sedimentary deposits, like the secondary strata, modified 
into their present crystalline teztnre by a heat approaching to a par- 
tial fnsion of tbe materials. The relative absence of mica and of the 
more thinly laminated or schistose character, so predominant in some 
portions of oar southeastern primary belt, has arisen, if this hypothe- 
sis, nsnally denominated the "metamorphic theory," be correct, sim- 
ply from a relative deficiency in the original deposits of those earthy 
matters, such as clay, lime, magnesia, ffic, which are the ingredients 
of mica, and the minerals most nearly allied to it; or. what is the 
same thing, from a relative ezceaa of ainca, and tliose otner earths or 
oxides which arc constituents of qnartz, felspar, and homeblende. The 
inflncnce of a difference of temperature in bringing about a difference 
in the mineral aggregation of tbe varions earths, promiscnoualy min- 
gled at the period of their depoaition, ia also posaibly connected with 
the marked contrasts which we see prevailing lu respect to their com- 
position, between the stratified primary or metamoq>hic rocks of dif- 
ferent belts of country. 

Notwithstanding the innomerable granitic and other veins which 
occnr with all tbe phenomena of violent injection, penetrating at 
small intervals every conaiderable tract of too gneiss rocks oi the 
Highlands, these strata are decidedly leaa contorted and folded toge- 
ther into those minor flexures so usual among the micaceous beds of 
this rock forming tbe soutlieaatern belt Thia probably arises from 
the massive character of its strata, and tbe absence of the more flexi- 
ble mineral, tbe mica. 

Tbe strata are usually highly inclined, their average dip exceeding 
forty-five degrees. In w any of the principal moantain ridges an anti- 
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clinal arrangement of the dip is plainly viaible. In theee inetances 
tlie strata on one flank of the mountain, the nortli western, are inclined 
to the northwest, while on the other they dip to the southeast. 

The common or rather the almost nni?erdBl direction or strike of 
the strata is from the northeast by north to the southeast by eonth. 
They are only occasionally fonnd to depart from this direction, which 
is tliat of the principal monntain ridees themselves, and indeed of the 
entire chain of the Highlands, from the Hudson to the Delaware. 

Geographical JSetent of the Primary JRocks. — The general limits of 
the primary region of the Highlands have already been pointed oat in 
the introductory chapter, when describing the physical aspect of the 
Dortliern diviston of the State. The Bontbeastern bouDdary of this 
belt was there traced as ranging along the base of the Ramapo, Pomp- 
ton, Trowbridge, and Mine mountains; thence along the base of Fox 
Hill, east of German Valley, and the foot of Musconetcong Mountain 
to the Delaware ; the northwestern limit was likewise stated to follow 
the foot of the Pochuck Mountain, Pimple Hill, Furnace Mountain, 
Jenny Jump Mountain, tieott's Moantam, and Marble Mountain, at 
the Delaware. Between these two somewhat undulating lines are 
comprised all the primary rocks of New Jersey, if we except the small 
triani^'ular tract of gneiss which enters the State at Trenton, and which 
terminates in a point on the Assympink, about six miles east of that 
town. 

1'.. lias been already mentioned, that all the rocks included between 
the i\?o margins of the extensive belt above traced, do not belong to 
the I rimary class, but that most of the incloded TalleTs conaist oi an 
anciiirit secondary limestone, while the Green Pond Monotain is com- 
posted, throughont its whole length, of yet more recent f^irmations of the 
middle secondary date. 

To conTey a more accurate conception of the areas occupied by the 
several parallel but somewhat detacned belts of primary strata, which 
togeiher constitnte this broad chain of Highlands, we would call at- 
tention, in the first place, to the manner in which this whole range of 
hills is snbdivided by several long, narrow, longitudinal valleys. 

It will be seen by inspecting the geological map, that these divide 
the whole chain into two contmuons parallel monntain belts, travers- 
ing nearly the entire breadth of the State, and form also several minot 
interrupted ridges, skirting the former on the northwest and soath-' 
east. 

Delineating severally the limits of these primary ridges, we begin 
on the soQtheast, at Mine Mountain. This first tract ot the gneis.- 
rocks ioclndes the whole of tho elevated ground which commences at 
Morriatown with the name of the Morris Monntain, and terminatef 
nnder the name of Mine Mountain, in tlie fork of the north branch of 
tbo Riiritan river and Fepack brook. 

These primary strata, hounded on the northwest by the limestone 
and otiier seciindary rocks of Mendham Valley, have their margin co- 
incident very nearly with the course of the tornpike from Momstown 
to ihc village of Mendham. Tlience they are traceable to the south, 
following t'le course of the north branch of the Raritan as far as \ti 
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JQDCtion with the Mine brook : from this point the^ rans;e to the north- 
eastward, parallel with Mine brook itself, as far as Yealtown, from 
which their mar^n iB a eotnewhat andulating line, b; Mount Kemble 
back to MorriBtowD. Except where the abort belt of limostone of the 
Metidham Valley comes in contact with the gneiss, its border, as here 
traced, is everywhere overlaid by the red shale and Bandstone strata 
of the middle secondary formation. The general structure of the 
ridge, as respects the dip and direction of the strata, is snch as strong' 
ly to imply tlie presence of an aoticlinal axis traversing it longitudi- 
na'ly from northeast to southwest, to which, in all probability, ita 
rocks owe their eleration. The next continuoas zone of primary strata 
ia one of far more extensive area. It ia included between the general 
northwest boandary of the middle secondary rocks on the one hand, 
and on the other the long unbroken valley, which commences at Clin- 
ton, and extends thence along the sonth branch of tba Raritan to ita 
source at Drakeville, and by Green Pond, Macapin Pond, and Long 
Pond, to Dutch Hollow, in the State of New York. Between these 
limits ita range is uninterrupted from near Clinton to the State Hne, 
or indeed to the Hudson. To trace this belt of gneiss rocks more ex- 
actly, we follow them from the point where the Kamapo river crosses 
the State line, along the northwestern border of the Uamapo valley 
to Pompton, a little north of Ryeraon's. Throughout this distance 
they are overlaid by the middle secondary, red shale, and sandstone 
group. In the neighborhood of Ryerson's, a caloareons conglomerate, 
which, when present, is the uppermost stratum of that jgroup, liea 
nearest to the gneiss; the immeaiate boundary of which, however, ia 
very commonly concealed along the base of the hills by a deep cover- 
ing of diluvial gravel. From Pompton, in contact for a part of the 
space with the diluvial matter which composes the substratum of the 
Pumpton pUins, the gneiss rocks take their course along the foot of 
the Pompton Mountain by Montville and Boonton Falls, and thence 
along the base of the Trowbridge Mountain to near Menaham. 

As far as this latter point, the overlapping rooks are the npper beds 
of the middle secondary formation. In the Mendham Valley, the 
gneiss comes in contact, for a distance of a few miles, as far as Pepack, 
with the blue limestone of the Appalachian or lower secondary series. 
From Fepaok the formation extends still to the southwest, passing 
about a mile to the north of New Qermantown, and tlienoe in n more 
westward direction to a point nearly north from Lebanon and two 
miles northeast of Clinton, where it meets the limestone of the valley 
of the Sonth Branch. Between Pepack and a point nearly north from 
Lebanon, the gneiss ia, with some few inCerrnptiona, in contact with 
the calcareous conglomerate, the uppermost stratum of the middle 
secondary rocks. Sweeping round to the north, and afterwards to the 
northeast, tlie margin of the gneiss thence pursues the southeastern 
side of the valley of the South Branch, or German Valley, in contact 
with the older secondary limestone, as far as a point about two miles 
south of Flanders. From hence along the same side of the same to- 
pographical valley, it is marked by the overlapping diluvial matter of 
the Succasunny Flaina, Beyond the termination of those plains^ 
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northeast of ihe villafje of SuccaBunny, the primary rocks, pnrBuin 
still the aoiitheaBtern edge of the same valley prolonged, come in coi 
tact with the middle secondary strata of tlie Green Pond and Co] 
pcras Mountain, na far as the I'equaniiock. Northeast of tliis streai 
for a range of several miics, they disappear beneath the older seconi 
ary limoatone of the Macapiii Pond. Beyond tliis limestone to tt> 
State line, they come again in contact with the red sandstone beds i 
the Ooppeias Mountain, here called the Long Pond Mountnin. Th 
part of^ the boundary is marked by the eoutheaatern side of the valle 
of Belcher's creek, nearly to Long Pond. 

Another axis or elovnted be!t of the primary rocks, still more &i 
tensive than that just described, as respects length, lies immediate! 
to ite northwest, separuled only by the long line of valley alread 
traced. The aontljeaatern margin of this latter tract of the gneis 
coincides from the State lino to the Pcqiiannnck, in some places wit 
the red sandstone strata of the Long Pond Mountain, and in soni 
places with the slate and limesloue formations of tlie older secondar 
gronp, wliilo in other nei{;hborhood8. it is separated from these by 
narrow etip of diluvium, foiming the bed of the intervening vallej 
From the Pequannock southward to Flanders, it ranges at an averag 
distance of half a mile from the northwestern base of tlie Green PoD' 
Mountain, its immediate boundary being the diluvium of the Long 
wood and Berkshire Valley and their prolongation. 

Thus covered, the edge of the gneiss passes Drakeville and Flanderi 
antll, beyond the bitter place, it encounters the older secondary lireie 
stone of German Vnlley, It thence extends down along the north 
western side of tb*s valley to its outlet north of Clinton, the limeston 
everywhere forming the overlapping elratum. From tlie neighboi 
hood of Clinton, its course is first neaily westward to the vicinity o 
Vanaickle's, and thence southwestward, following the base of tbi 
MuBconetenng Muuntain to the Delaware. Between Ihe South Branch 
north of Clinton and the head of Milford creek, tho gneiss rocks dij 
beneath the ancient limestone; but from the latter point to wher 
they strike the Debiwiire, they are overlaid, tlirougnout the chle 
part of their course, by the calcareous conglomerate, which caps thi 
middle secondary series. 

The northwestern margin of this same chain of the gneiss is mart 
ed by the ed^e of the Musconetcong Valley, and sometimes by thi 
border of that stream itself, along the entire distance between its out 
let at the Delaware and the liead of the valley, near the old Andove 
Forge, the primary strata everywhere dcseesding beneath'the oldei 
secondary limestone. From the old Andover Forge it follows ncarl; 
the brink of Musconetcoi^ creek by Stanhope to Brookland, at thi 
outlet of the Hopalcong Pond, being generally, except at Stanhope 
in contact wiib the limestone. It there folds round the base of a IJil 
west of the pond, which it pursues, passing a little east of Columbii 
Forge and the villages of Sparta, Ogdeosburg, Hamburg and Vernon 
to New Millbrd, at the Slate line. In all this part cf its somewhal 
undulating co4irsc, the gneiss dips beneath the overlapping edge o 
the older secondary limestone. 
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The moaatain belt of which the boundary has here been traced, 
consists esaentiaUy of a single uninterrnpted belt of axes of elevation, 
giving to it a general anticlinal atructure. It receives, nevertheless, 
BQveral distinct appellations, applied to different portions of it. Be- 
tween the Bourcea of the Peqnannock and the deep transverse >torge 
-which almost inlereects the chain at Drakeville, it takes the title of 
tbe Hamburg or Wallkill Mountain, From the cross valley above 
montioned to that of Spruce Eun, it bears the name of Schooley's 
If ountain, while between the latter limit and the Delaware river, it 
is called the Musconetcong Mountain. 

To the northwest of the great continuous belt of primary hills, 
-wbose bonndaries have just been traced, there rises a chain of rather 
less elevated scattered riiiges, whicli occupy insulated tracts in what, 
if we take a comprehensive view of the topography of the region, 
oaght to be regarded as the southeastern portion of the Kittatmny 
Valley. These hills are surrounJed on all sides by the older secondary 
limestone of that valley, through which at least some of them seem to 
have been protruded subsequtntly to the period of deposition of the 
limestone over the gneiss. Though they do not constitute a strictly 
connected range of the formation, they evidently compose, like the 
chain to the southeast, one general belt of axes of elevation, inasmacb 
as they all lie within a narrow zone and nearly in the prolongation of 
each other. The limestone which encircles tnem nsaally dips from 
their flanks, apparently in consequence of an upheaving action near a 
central line traversing each hill longitudinally. 

Proceeding with our detailed delineation ot the boundaries of these 

Srimary tracts, we first meet, towards tbe northeast, the Fochuck 
CouDtain. This ridge, in which the gneiss has evidently an anticlin- 
al arrangement, though a somewliat irregular one, commences in New 
fork about a mile northeast of the State line, and terminates near 
the village of Hamburg, having a length of about eight miles, and a 
breadth ranging between one and two miles. 

At its southeastern base the primary rocks disappear beneath the 
limestone of the Hamburg, or Black Creek Talley ; while along tbe 
northwestern side they are oveilapped by the same formation, a little 
east of the meadows of the "Wallkill. This ridge is interesting from 
its having towards its sonthwest termination a valuable deposit of 
hramn Aematitic iron ore, to be hereafter described. 

The next ridge of importance is Pimple Hill, which, together with 
a spur which it throws off towards Sparta, extends from near that 
place to Franklin. On the southeast flank of this ridge of primary is 
tbe much celebrated Sterling Mine, consisting of zinc ore and Frank- 
Unite. 

From Sparta there extends towards the southwest, another elonjra- 
ted narrow belt of the primary to within a mile and a half of Ando- 
ver village, while about a mile to the northwest of this belt, which is 
bounded by the limestone of a highly crystalline and altered aspect, 
there lies a small oral liill of the gneiss, also similarly encompas^d. 
Ntxt, in our progress to the southwest we encoonter two other low 
and detached hills of the primary, both of tbem lying a little east of 
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the tnrnplpe wbicli joins Stnnbope and Andover. Immedifttely west 
of this road, we meet with a larger tract of tiio primary, which ex- 
tenda continuoiiBly almoat to the road which unites the Tillages of 
Hockotetowii and Viennft. Its Boutbern bomidfiry passes Lockwood 
and tho old Andover Forge, thence along the western eido of the 
Hncketstown Valley to near the road last nacntioncd, its northwest- 
ern margin passing by Alaranche. 

From tiie vicinity of Hackettstown to near Muiint Bethel meeting- 
iiouse, thero ranges another low ridgo of tlie gneiss, having a length 
of aboat four miles, and iin average breadth of one. Resting npoa 
the primary strata of this tract is a sinall patch of nearly while sand- 
stone, well adapted for purposes of arcliilectare, for which it has been 
occasionally used. This is one of a few isolated patches of the lower- 
most rock of the older secondary or Appalachian series in New Jersey, 
a furmation displayed so extensively in contact witli the primary rocks 
of the same general chain, both in New York and Pennsylvania. An- 
other locality of the sandstone is to be found between Flanders and 
Biiccasnnny, northeast of the former village; and two other exnoenres 
are visible near Macapin Pond, where tlie rock is in contact with the 
overlying blue limestone. 

Another considerable surface of the gneiss extends from near the 
Tillage of Maoaiield south west ward to the Easton turnpike, a Uitle we^t 
of Moomaburg ; bounded on tho northwest by tho Pohatcung stream, 
and on the southwest by the valley of the Musconetcong. 

The next imporlant belt of primary rocks la that of the mountain 
called Jenny Jump. This ridge, extending from near the ouilet of 
Bear Brook at the Great Meadows, almost to the village of Serepta, 
is about seven and a half miles long, by about one in mean breadtn, 

lis rocks are everywhere overlapped around its base by the ancient 
secondary limestone ; an inter sting zone of which, in a highly crystal- 
line and altered condition, ranges along itFs southeastern foot fur nearly 
its whole lenglh. 

Two small palclies of the primary rocks, which seem to have been 
exposed by denudation of the limestone, occur in the valley of the Pe- 
quest, between that stream and the foot of Jenny Jump. 

South of the Pequest rises the conspicuous ridgo of primary rocks, 
called Scott's Mountain. Its length is about twelve miles, while its 
general breadth somewhat exceeds three. Encompnesed at its base by 
the limestone, the sooiheastern limit of the gneiss ranges parallel for 
several miles wilh the Pahatcong stream, and afterwards with the 
Morris canal ; while, on the nortii, the valley of the Pequest is tho' 
boundary as fur as Bridgeville. On llie northwest, the margin is pre' 
ty nearly marked by ihe road uniting this place and Oxford. It f 
tenda thence, throu^ih tlie spot Ciilled Concord, to Harmony OhuM. 
Tho last belt of the primary strata to be traced is ihat of Mar^j 
Mountain, at the Delaware : tills is also surronnded by ihe limestoni 
but its western base is almoat washed by the Delaware river. 
terminates towards the southwest, dear Piiillipsburg, opposite EaBt(_ 
and towards the northeast almost anites with Scott's Mountain, nei 
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Sarmony meeting bonse. Its length is about tour milea, and ite 
average breadth one mile. 

Of the Igneous Eocka and MetaUiferoua Veins of the Highlands. 
— The metalliferous veina of the primary region of the State, though 
extremely numerona and widely distribated, embrace bat few vari- 
tiea. Ab regards their generu atmctare, tbey are all, in fact very 
nearly alike; while the only ores they compreliend in taa^e amount 
beloDg to the two taetals, iron and zinc ; those of iron being by far 
the most abundant. 

Structure of the Vein*. — Id their form they are unequivocally 
geuDine lodes or veioB, and ofteD of considerable longitudinal extent, 
coinciding, with occasional el^ht deviations, with the direction of the 
strata which include them. Their .poaition ia usually between walla 
of the granitoid gneiss, to which they are paritllel, not only in strike 
but in dip. They exhibit, however, many minor irregularities, such 
as frequent changes in thickness, suddenly bulging to great width, 
and rapidly tliinning ont to almost imperceptible dimensions. This 
observation is to "be received as applying with fulleat force to the 
whole body of injected matter, regarding it aa one vein, which it 
truly is ; while the distribution of the ore within the vein is liable to 
even greater irr^ularitiea. Yiewing tbeae veins compreheusively, 
they consist not exclusively of the metalliferous ore, whatever it may 
be, bat of the ore and otner minerals, particularly hornblende and 
felspar, in one general injected mass. In some instances, the ore con- 
stitutes the body of the vein, resting in contact with the gneiss rock of 
the walls ; in others, it occupies only a part of the thicknesa c^ the 
mass, being bounded on either one or both of its sides by the non- 
metalliferou9 minerals,' maally termed the gangue ; while in other 
cases again, the vein of ore is split by a wedge of the aame gangue^ 
which either entirely cuts it on on one aide, or being of limited length, 
soon permits the reonion of the divided portions. 

Not unfrequently this gangue comprises the chief width of tbe vein, 
and the ore inclnded in it lies in detached, elongabed bodies of lenti- 
cular form, having their longer axis always in the direction of the 
course of tne vein. These insulated masses of the ore, denominated 
pots or pools by the miners, are sometimes more than a hundred feet 
in lengUi, thar thickness varying ia certain large veins from five to 
forty feet. 

Another feature, deranging occasionally the uniformity of these 
veina, preaents itself, when detached portions or splinters, as we maiy 
regard them, from tbe adjoiniue strata constituting the walls, are 
found lodged in the snbstanee of the lode. These and other smaller 
wedged ahaped masses, interrupting or dividing tbe vein, are com- 
monly entitled horses by the miners 

In addition to these irregulantiee in the distribntioQ of tbe ore, we 
sometimes find the entire vein cat through by faults crossing it, com- 
monly almost at right angles, and totally interrupting its continnlty. 

The several circumstancea here apoken of in the structure of Uieaa 
metal liTerous veins, seem strongly to imply that they are real veioB of 
injection, and not true beds, con temporan eons with the adjoining- 
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gneiss, as Bome liave supposed. A common thickness of tlie melallif-, ' 
erons veins under deacri[itioii is from Bix to tivelve feet ; in their iucli-'.' 
nation or pitch they aro qaite various, some dipping, with the strstft „ 
that encloBo thein, at as low an angle as fifty degrees, while many are 
nearly vertieah In the shallower excavations the workings are open ' 
to the sky, and tho deepeet shaft yet sunk, that of the Mount Pleasant** 
mine, near Dover, in Morris county, is only about two hundred and * 
twelve feet below the surface. 

Nature of the Ore.— The ore belongs to the species denominated by 
mineralogists oxidulaied iron or magnetic iron ore, and is of two va- 
rieties — compact and granular. In its purest form, this mineral con- 
flista of two atomic proportions of \hQ peroxide of iron, and one of the ' 
protoxide, which is equivalent to nearly 72 per cent, of the former, 
and a little more than '28 per cent, of the latler — yielding about 72 per ' 
cent, of metallic iron. In tae state in which it is more usually met with, 
however, mingled with a greater or less proportion of ext'aneous min- 
eral matter, the amount of metallic iron contained ranges between 60 
and 72 per cent. It 'n magnetic, being endowed witli the property of 
attracting soft iron, and affacling tho magnet. Masses of it are fre- 
quently met with possessing a distinct magnetic polarity, the opposite 
ends manifesting a repulsive action npon the corresponding ends of the 
needle. Such specimens are termed loadstones. 

Though the pure variety is often massive, and mingled with hut 
little foreign mmoral matter, yet this is really less productive in the 
manufacluro of iron than the granular or imperfectly crystalline kind, 
in which we find a moderate proportion of small crystals of horn- 
blende, felspar, quartz, and other minerals, interspersed with Ihe ore. 
Some of the ore contains a small proportion of titanium. The veins 
often exhibit a tendency to cleave by numerous natural joints, extend- 
ing across from one wall towards tiie other ; a structure which sug- 
gests a strong analogy to the horizr-nta! columnar arrangement seen in ' 
many vertical djkes of lava and basalt. This, if the proofs already 
cited were not enough, deserves to be regarded as an argument in be- 
half of the opinion Uiat these veins of ore have been injected while ia 
a fused or molten state, into the gneiss, and are not, in the strict sense, 
heda formed coniemnoraneously with tho surrounding rock. 

This point, thongli at first sight unimportant, and seemingly one of 
mere theory, is of ranch prnctical moment to the mir)er, since it ac- 
quaints him with the nature of tho veins in which he is operating. 

Local Details. — In offering a detailed description of the veins of 
reagnetic iron ore, as far as they have been developed, we shaH begin, " 
for the sake of convenience, with those lying towards tho northeast. 
The first which claim our attention are those of Pompton towjisbip, in 
Bergen county. The principal veins of this tract occur in the con- 
tinuation of the Sterling Mountain of New York. In the ridges im- ' 
■mediately west of the Kingwood Valley at least two extensive veina ' 
are known. 

The most BonfhenBterQ of these has been explored for much the 
greatest distance, several mining excavations having been made in it^ J 
throngliout aleng-fh of nearly three inilei. That to the northwest is"^ 
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-distant from tlie former aboattwo handred feet, and, wbere it has 
been traced or mined, has been found to preserve a parallel direction 
'witb it. The first mentioned of these veine extends to within a q^nar- 
ter of a mile of the New York line. Their course is north nortueast 
and soath aonthweet. The rock of this region, containing these Teins, 
is the ordinary granitoid gneiss, abounding in hornblende, and searlj 
-destitute of mica. It has a steep dip to the southeast. 

Following the raoet southeastern of these two Teins, from the south- 
west to the northeast, the first considerable excavation which displays 
its structure is an old mine, quarried open to the day, to the depth of 
perhaps forty feet, and for about three hundred and fifty feet along 
the vein. The pitch of the vein at this point is nearly vertical. Its 
general regularity is somewhat dislnrbed by trivial slides and sudden 
changes ot dip. Large wedge-shaped masses of the gneiss rock of the 
walls intrude themselves into tlie middle of the ore, subdividing the 
veins into two or more branches, which send of parallel filaments, that 
either dwindle out entirely in the rock, or reunite with the maia body 
of the vein. 

The mean thickness of the ore in this mine is about ten or twelve 
feet, exclusive of these interposed masses of rock. Thoagh not at pre- 
sent Dsed, the ore is stated to be of average purity. 

About, one hundred feet to the northeast of this is the mine known 
as the Biue Mine, from the bluish bne of the ore. The excavation 
from which the ore has been removed is about one hundred feet in 
length by fifty feet in depth, while the width of the vein varies from 
«ix to fifteen feet. 

At this place also the vein is divided in the middle of the ore by a 
vertical wedge of rock, which increases from one to five feet in thiok- 
nees, and cousiets, on the one side, of red felspar, like the adjacent wall 
of the vein, and on the other of compact green tahliie. In this part 
of the vein are several oblique dislocations or slides, always declining 
to the Boutheaat. 

Within less than half a mile to the northeast of this last opening 
there is another point where excavations have been made, called the 
Mvle Mine. The principal vein of ore here is seven or eight feet 
thick, swelling out at some spots to twenty feet. Formerly it was ex- 
tensively wrought, open to the sky, to a depth of seventy feet, and 
length of one bundrea vards. "Within otl\j a few paces to the south- 
east'of this opening, wulch is called the Bine Hole, Is another, in a 
more circumscribed vein, 6f a lenticular form, called the Mule Ore. 
This shorter vein is divided through its middle by a wedge or horse, 
consisting principally of massive crystallized hornblende. 

Exclusive of tbis intruded mass, the vein, at its widest place, where 
it is at present worked, is twenty-five feet in thickness. At a some- 
what greater distance, on the opposite or northwest side of the prin- 
cipal vein, occur three or more similar detached small veins, or, as we 
ought, perhaps, more properly to sny, lenticnlar poriious of the gene- 
ral vein. One of these pots or pools of ore, denominated the Henion 
Mine, is about fifty feet la length by ten feet in thickness. It has 
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been wronght to a considerable extent, yielding an ore of excellent 
qaality. 

Tbe ore of this and some of the other small sabordinate veins pos- 
sesaes the magnetic character in a diBtingaishing degree. 

The whole of the ore of this immediate Ticinitj of the Mule Mine 
ia stated to make a good iron, which is apt, however, to be red short 
or brittle, at a red heat. 

The pitch of the principal vein of ore of the Male Mine is parallel 
to the dip of the adjoining gneiss rock, which is to the southeast at 
an angle of abont 60 degrees. 

Northwest of these several workings of the Mnle Mine, and higher 
Tip tbe bill, we meet with another set of short, lenticular outbursts of 
toe ore, wrought by the name of the Cannon Mine. 

The greatest width of the ore in the main excavation here is forty 
feet, caased, however, br the coalescing at this point of two adjoin- 
ing masees, which are elsewhere separated by wedges or horses ot the 
gneiss rock. The largest of these aivisions of the vein is fifteen feet 
across. Another somewhat oval mass, lying almost in the prolonga- 
tion of the one here mentioned, and only separated from it by an m- 
tervening wall of gneiss a few feet thick, has furnished at its widest 
part a nearly solid body of ore, thirty feet in thickness. 

These ores smelt with facility, but prodoce a highly brittle, or cold 
thorii iron. 

Beyond these excavations, to the northeast, succeeds the Peter's 
Mine, formerly worked, partly in a shaft, partly in a quarry open t& 
tbe sky. 

At this place the dip. both of the vein and tbe primary strata bound- 
ing it, is at an angle oi about 60 degrees to tbe soutbesst. The rock 
above the ore is a mixture of felspar and mica in a state of diainteg- 
ration ; in other places it consists of a fine pinkish febpar rock in the 
flame rotten condition. The form of the vein at the place where it baa 
been worked, is that of a narrow wall of ore, six feet in thickness, 
which presently swells into a hnge mass of an oval form, fifty feet iu 
diameter. This pool of ore has been wronght beneath the open air 
to a depth of about seventy feet, the wnter being drained on by aa. 
adit cat .through the adjoining wall of gneiss. 

Tbia ore is said to yield au iron wbich is brittle at a red heat, or 
red short. 

The Spanish Hope and Good Hope mines form the next group of 
openings as we proceed to the northeast. They occupy the soutbwoet- 
ern extemity of a spur of the main mountain, and occur at a distance 
of not more than one-third of a mile from the New York state line. 

The hill in which these mines lie is very mgged, and tbe ordinary 

foeiss rock composing it much distnrbed, connected with a considera- 
le degree of irregularity in tbe metalliferous veins. The general width 
of the main body of ore is about eight feet, dipping with the strata to 
tbe southeast at an average inclination of 70 degrees. The most 
northwestern of these openings, called tbe Good Hope Mine, exhibits 
the vein in considerable regularitv, dipping at an angle of aboet 80 
degrees to the southeHst, and having a pretty uniform width of nearly 
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"twelve feel. These mioeB were somewhat extensively worted by an 
"Snglieh company before the revolutionary war : the Good Hope Mine 
Dbw showing a large excavation, sixty feet in depth. The ore proved 
of saperior quality, which led, about twenty years ago, to a resump- 
tion of mining operations, which have been since abandoned. 

In the same proloogation, towards the north northeast, we find a 
continuation of tbis series of mines for Beveral miles into the State of 
Kew York, bnt whether these occur Qpon the same line of veiiiB, 
seems to be not quite established. 

Beriewing, in their general connexion, the whole line of veins of 
iron ore here described, we are forcibly impressed with the belief, that 
~trhile they are of moderate length, taken individnally, they are to be 
regarded as constituting but one long and extensive belt of Closely 
iconnected metalliferons Injections, contemporaneonsly produced. 

It appears from what has been detaUed, that the ore in its course to 
the north grows more uniform and nndistnrbed. The general quality 
of the ore along much of the line here traced is excellent, answering 
well for the bloomery or the furnace. Much of it is coarsely grann- 
lar, which is a good feature ; a portion, however, is too compact — 
being somewhat refractory and red snort — especially a particular 
band or subdivision of the vein. 

Near the openings first mentioned, the second or northwestern vein 
lias been peQetrateo throughout a length of about one hundred feet, 
and to a depth not exceeding thirty. Its ore makes an iron highl/ 
cold short, a circumstance which has caused the vein to be less ex- 
plored than the other, though it is probable that it ranges over a con- 
■fliderable distance. Its position is parallel to the first. The dip is to 
the southeast, and its width about ten feet. The ore in these veins is 
hiffhly magnetic, some of it possessing magnetic polarity. It is a 
-coincidence which deserves at least to De alTuded to, that in another 
even richer locality of magnetic iron ore, namely, that of Honnt 
Pleasant and Succasnnny, in Morris county, there exist two extensive 
Veins or series of veins, the predominant character of the western 
vein in that neighborhood being just as at Ringwood, that of pro- 
dticing a cold short iron. 

About midway between Ringwood and Pompton, or six miles from 
each place, a vem occurs in a similar position to the above, on the 
West side of the Ringwood Valley, having exactly the same bearing, 
namely, north northeast. 

Westward of the iron range here laid down, there would appear to 
^ccnr between this and the vein of Franklinite and zinc of the valley 
beyond the Wallkill Mountain, more than one considerable and valn- 
ftble vein of magnetic ore. We may mention the veins of Oliarlottea- 
bnrg and those of the Wallkill Mountain, four miles east of Franklin 
Fnrnace, as examples. 

The next district in the primary region, remarkable for an abnndanee 
-of magnetic iron ore, is a range ot country extending between the 
Pequannock and Succasnnny, running from the northeast to the south- 
'Irest, parallel with the Copperas Mountain, at a distance from it of 
•between two and three miles. The rock of this region is the nsad 
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granitoid gneUs, coDeieting priDcipnlly of felspar and bornblende. 
Thfl strike of tlie Btrata hercj as almost every where else, is to the- 
south southwest, the usual direction of the dip being towards the- 
Booth southeast, and at high angles, commonly exceeding 60°. 

A series of parallel veins, or more properly speaking, of parallel- 
belts of ciosely contiguous veins, conBisting ot very excellent magne- 
tic iron ore, imparts especial interest to this range. 

I shall allude more particniarly to three of these belts of ore, COQ- 
spicuouB for their length and well-developed features. Tbongh the 
excavations yet made are not sufficiently numeroas to establish satift- 
factorily either the iodcpendence op the strict continuity of the seve- 
ral portions of a vein or veins occupying the same line of bearing, yet 
the indications are that the mdividnal veins are of considerable- 
length, Bay several furlongs, but by no means prolonged over the 
whole district. 

I incline to view each supposed long vein as made np in fact of a 
string of several veins very nearly in line, one commencing either at 
or a little before (he termioation of another. 

As the question of their strict continaity is one of little practical 
importance, wo may venture, for the sake of present convenience, to 
designate them as three groat veins, inasmach as they lie in three 
separate parallel zones. From a little to the northeast of Hihernia, 
where the larger exposures of the ore commerce, to a point at some 
distance southwest of Succasunny, where they at present cease, the 
space over vliich these belts of the magnetic ore have been worked, 
is upwards often miles. 

The inclination and strike of the several veins coincide, whenever 
they are nil regular, with that of the enclosing strata of gneiss. Their 
direction is from north nortlieast to south southwest. 

Commencing with the southeaaternmost line of ore at present devel- 
oped, we find upon it the two mines, entitled Mnir's Mine, and Sweed's 
Mine. The next parallel belt towards the northwest embraces the 
Hibernia Mine, Jackson's Mine, and Dickerson's Mine, near Sacca- 
sunny. The third range includes the Denmark Mine, where no large 
vein of pure ore has yet been discovered; the Mono t Hope Blue 
Mine, Mount llope Mine, Teabo Mine, Mount Pleasant Mine, Har- 
vey's Mine, Sterling Mine, and Bnrwell Mine. These several mines 
are here designated in the order in which they occur, passing from 
northeast to southwest. It is not intended to convey the impression 
that the above classiticatiori into three belts of veins is regarded aa 
positively aecutate, for the distances between the excavations, espe- 
cially along the two first ranges, are so very considerable aa to suggest 
a reasonable doubt whether we might not refer them to a greater 
number of parallel belts. 

Describing the mines in the order above given, we find the most 
northeastern of the Goutlicastern range to be the excavation called 
Muir's Mine. Tiiis is about a mile and a half to the northwest of Kock- 
away. The vein at tiie surface of the ground where it is occasionally 
exposed is six inches thick, widening as it descends, and becoming 
two aud a lialf feet thick at the depth of thirty feet. The adjoiniag. 
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rock ia a compact gnoise, dippioj; parallel with the vein, which in- 
clines at an angle of forty-&ve or titty degrees to the BOntheast. 

At a considerable distance to the Bonthwest of the abovo ie Sweed'e 
Mine, sitnated nboat midway between Kockaway and Dover. Here 
the eeneral features are the Eame, the dip being fifty degrees to tlic 
BontReaet. 

The thickness of the vein of solid ore vnriee from five to twelve 
feet. IRext to the banging or overlying wall there is usually a band 
of abont three feet in thickness, of ezcellent compact ore; beneath 
this Bucceede four feet of spar, consisting largely of vitreous felspar, 
and under this again occurs a very poor ore, mingled largely with the 
extraneous mineral matter of the loot-wall or floor, from which the 
Toin is not clearly separable. The separation between Ibe vein and the 
hanging wall, on the contrary, is well defined. Tlie upper division of 
the vein is soft and of a granular structure, and yields a good iron. 
The impiirer portion next the foot-wall affords, on the contrary, an. 
iron characterized as red short. It ia worthy of remark, that the ad> 
TentiCioQS matter in the red short ore, is not different from that in the 
ore of standard goodoess. The ore in the vein is thrown into some ir- 
regnlarity by wedges or horses of a species of rock, composed appar- 
ently of the injected gangne of the ore, consisting of hornblende or 
blackjack aad mica, with a variable proportion of ore in an irregaUr 
crystalline or granular form. The mine is drained by an adit which 
passes out through the side ot the hiil next the east. 

Upon the second or middle raoge of mines the most northeastern 
excavation is the Mibemia Mine. The situation of this mine, which 
is npoii the top of an elevated bill adjacent to the Hibernia Forge, 
renders it somewhat difficult of access. The ore here also sometimes 
shows iteclf upon the surface, though it more frequently requires nm 
excavation of moderate depth before it can be reaciied. 

Tho dimensions of the vein are quite variable, though its average 
thickness is perhaps about eight or nine feet. The ore, containing 
much foreign mineral matter, and being at the same time highly mag- 
netic, aifotds an opportunity for using the magnetic separating ma- 
chine, by which it is economically freed from its imfjurities. 

About half a mile to the west of Dover is Jackson's Mine, yielding 
an ore similar to the last. This is inferred by its position to lie npon 
the same vein or string of veins. 

The vein is here seven feet in width. There is a shaft leading down 
to the ore forty feet deep. The excavation is about two hundred feet 
in length. 

The next, and by far the largest vein of the range, is half a mile 
further towards the southwest, at General Dickerson's, near Sacca- 
snnny. Here the enclosing rock is a variety of gneiss, composed 
chieny of qoartz and felspar, with occasionally a little mica and osi- 
dulated or magnetic iron ore, disseminated through it. The dip is 
about sixty degrees to the southeast. The mine has been wrought to 
a depth of about eighty feet. In the horizontal drift, along which 
the vein has been ciiiefly worked, the quantity removed lias been 
very great. Here the average thickness may be stated at aboat. 
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twelve feet, tboneli near the entrance of ttie mine, in consequeace of 
an irregnlari^, tEe masa of ore seemB to bare been at least tnirt; feet 
acroBB. Thia being in a disturbed portion of the vein the presnmp- 
tion 18 that it does not continue &r of this dimension. 

The general stmctnre of thia ore is bighlr granolar, showing a fre- 
qnent approach to the octobedron, the legnlar crystalHne form of this 
species oi iron ore. It is also sometitnee of the compact variety. It is 
considered equal to any in the State for the quality of the iron which, 
it produces. The same vein is said to have been opened still further 
to the southwest, but the remotest point in that direction to which it 
mar be traced has not been been ascertained. 

Three varieties of the ore occur at the Succasunuy Mine — a bine 
ore, a reddish ore, and a sparry ora The first lies next to the foot- 
wall, the red ore occurring adjacent to the hanging wall, while the 
eparry ore runs generally in separate reins between the rest of the 
vein and the hanging wall. One rein of this variety, measuring 
twenty-two inches in thickness, is dirided from the other part of the 
ore by only about three or four inches of rocky matter. 

The price of the &2u« and red ores at the mine is $3.5(}per ton ; 
that of the sparry ore, somewhat less rich in iron, $3.50. The mine 
is not rery actively worked ; about fifteen hundred tons per annum 
having been mined during the last fire years. 

Entering, in the next place, upon the third or northwestern belt of 
veins, we commence, towards the northeast with the unimportant 
excavations near the old Denmark Forge, which are to be regarded 
as openings in search of ore rather than a regular mine. The firat 
mine of consequence in this series is the Moimt Hope Blue Mine, now 
no longer wrought, occurring at a distance of nearly four miles to the 
flonth west of the Denmark openings. The vein seems to average 
from twelve to fourteen feet in tbicknese. At the surface of the 
ground the vein was from eighteen to twenty feet thick. It has been 
worked to a depth of one hundred feet, being, at the deeper portions, 
as mnch as twenty-four feet in thickness. 

The excavations consist of a series of inclined galleries, at a slope 
of about 25°, in descending, zigzag arrangement. The ore has been 
removed thronghout a length of sereral hundred feet. The mine has 
been abandoned in consequence of the too rapid accumulation of 
water. An adit, carried into the mine from near the base of tbe bill, 
wonld seem to be all that is required to give access once more to this 
large mass of ore. 

The next mine in our progress to tbe southwest, is the Mount 
Hope Mine, about a quarter of a mile from the former, and npon the 
same line oi metalliferous injections. Its positioo is upon tbe nortii- 
eastem browof a hill, about three hundred feet in eleration, orer- 
looking the old Mount Hope Furnace. The quality of the ore appears 
to be analogous to that of tbe Mount Hope Bine Mine. The thick- 
ness of tbe vein varies, being only one foot at the south end of the 
mine, and six feet at tlie north end. A shaft has been sunk here 
between seventy and eighty feet in depth. This mine is now in 
operation. 
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A-bont one-fourth of a nine to the soathweet of the laet occurs the 
Teixbo J^ine, on the sonthweBtern declivitj of the same hill. Hera 
^he vein of ore is almost ten feet in thickness, holding a nearly verti- 
<cal position, its inclination beinff tovarde the soatfaeast The walls 
are regular and unbroken, consisting of a rather micaceous gneiss. 
This is one of the veins in which the horizontal columnar structun of 
tbe ore is very obviously displayed. A wedge of rock separatee the 
-vein in one or two places, but only for a short distance. The ore is 
of excellent qnality, though compact, the foreign matter mingled with 
the magnetic oxide of iron consisting of & green hornblende and some 

Snartz. The mine ia about one hundred ftet in depth, the length of 
tie excavation exceeding one hundred and fifty feet. 
Upon the same supposed northwestern vein or belt of ore, and one 
mile farther to the southwest, is the Mount Pleasant Mine. The 
average thickness of the vein may be given at abont eight feet, though 
it is vety variable, changing from eighteen inches to twelve feet, and 
eometimes thinning away, for a short space, almost to nothing. These 
'fl.actaations of width take place as well in the vertical aa in the hori- 
zontal direction. The rock immediately adjacent to the ore, from all 
appearance, protrnded contemporaneously with it, is an almost jtcre 
hornblende, having an extremely boantifol massive crystallization. 
The material of tbe regular wall, on the one side, is a hard, light- 
Colored felapathic rock, while that of the other, or hanging wall, is 
chloritic and often micaceons, la driviog to the southwest in one of 
the galleries of this mine, the progress of the vein was snddenlv ar- 
reeted by a cross dike of quartz rock, fourteen feet in thickness. After 
many fruitleaa borings for the recoveiy of the vein, it was discovered, 
heaved to tbe southeast, many feet out of its original line. fieyoDCl 
tii6 dike the vein is tossed abont in very considerable confusion, the 
masses of ore occurring rather in detached pools than in one coctinn- 
•ons lode. 

The dip of the regular portion of the vein is to the southeast. The 
depth to which the mine has been wrought is two hundred and twelve 
feet. Lying below the surrounding streams its drainage ia effected far 
machinery ; a series of well-contrived pumps, driven By a small brook 
acting on a water-wheel, being employed for the pnrposa 

Nearly a mile and a half west oi Dover we find the Harvey Mine, 
once extensively wrought by a shaft, but now no longer in operation. 
The ore here resembles that of the Mount Hope Mine, lying in a vein 
which varies from four to nine feet ia thickness. 

Abont three-fourths of a mile west of Dover occurs tbe Sterling 
Mine, not at present wrought. The vein of ore was found to vary 
from two to thirteen feet in thickness. At one spot, at twenty feet 
from the snifoce, it was only eighteen inches wide, but grew lar^r 
lower down. Hie walls consist of a nard dark-colored, granitoid gnein. 
Several shafts were sunk upon lliis vein ; the deepest, however, did 
not exceed thirty-five feet. 

The last in this series of mines lies about half a mile southwestward 
from the Sterling Mine, and is known as the Burvsdl Mine, The 
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veio of ore is aboat eight feet wide. Two ebafta liave been Bank npoD 
it. 

Not far from Monut PleaHiDt tliere ie a amall mine upon a vein 
wbfcli is supposed to lie to the Boatheaet of those above traced. Bnt 
little is known of the length or conrES of this vein, any further thna 
that its direction and dip are parallel with those of the others. 

A similar vein is knowD, and has been mined to a considerable ex- 
tent near Powerville ; and no doubt manj more exist in the district^ 
though nothing has been done to develop them, and no usefnl facts 
concerning them have come to light. It should be mentioned that 
the long ranee of ore veins above traced lies almost exactly in the 
bearing of the vein near the old Chi rlottesburg Furnace, on the 
Feqaannock. 

Bnt few indications of iron ore have been hitherto discovered in 
the southwestern prolongation of this first or sontheastern chain of the 
highlands, in that part of it which ia called the Chester Mountain. 

Adverting, in the next place, to the metalliferous veins of the other 
great parallel ranee of primary hills, which inclndes in one continu- 
ous chain the W^kill, Schooley'a, and Musconetcong Mountains, 'we 
are forcibly struck with the fact of their relative fewness when com- 
pared with the numerous and extensive injections which traverse the 
more southeastern belt above described. 

Upon the Wallkill or Hamburg Mountain magnetic iron ore may be 
occasionally met with in the soil, while excavations made at various 
spots have also brought to light embU bodies of the ore, but no veins of 
considerable magnitude. 

Advancing along this chain towards the southwest we meet with 
similar indications of ore in the neigltborhood of Stanhope, and also 
south of this, in the vicinity of Flanders, where many loose fragments 
of it occur in the soil, especially in the neighborhood of Bartley's 
Forge. About three-fourths of a mile north of the forge a smalt ex- 
cavation for ore may be seen, which, it is said, yielded a mineral of 
good quality. An opening has also been made about a mile from 
Mount Olive, but it did not develop a vein of any magnitude. 

Nearly a mile and a half northeast of Drakestown, on Bchooley's 
Mountain, a digging was lately made (sninnier of 1838), which pro- 
dnced some ten or twelve tons of ore, of a highly magnetic character, 
pronounced to be of good quality ; but it did not lead to the develop- 
ment of a regular and solid vein. 

Upon the same mountain, and about a mile and a half east of 
' HacKetstown some ore U visible in tlie soil, but of too quartzose a na- 
ture to produce a good iron. The diggings which were made at this 
spot did not succeed in disclosing a regular vein. 

Upon the mountain, a few furlongs to the west and northwest of 
the Heath House, ore in considerable abundance strews the surface 
of the fields. A portion of the mineral here is pretty largely contam- 
inated with hornblende, augite, and other foreign substances, which 
do not, however, materially interfere with the reduction of tliis spe- 
cies of ore into iron, except where their quantity is considerable. 
Mach of the ore of the same locality is distinguished by having the 
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maf^etic property, sometimes in a high degree, maoy maBsea bung 
iband endowed with magnetic polarity in nnnsual strength. 

Nnmerons email openings have been made here at various times, 
ia qoeat of a regular and solid rein, but nntil recently, none promift- 
iog to be of aeeful quality and dimensions have been explored. From 
Bome excavations lately made the indications seem to be more enconr- 
aging. 

Xn the Mnsconetcong Hoantain, the appearances of the snrface do 
not justify the hope of there being any considerable veins of the mag- 
netic ore. 

The next and last tract of the primary hills, towards the west, 
abounding in this valuable mineral, is Scott's Monutaln in Warren 
county, 

A brief account of the veins in the vicinity of Oxford Furnace, the 
locality of chief importance in that district, will complete the details 
which we have to offer upon the subject of the magnetic iron ore of 
the region. 

Here, as elsewhere, the direction of the veins is parallel with the 
bearing of the strata of granitoid gneiss which inclade them. There 
appear to be at least two principal veins, bnt the precise thickness of 
eitner it is difficult to ascertain, owing to their varying constantly in 
tbeir dimensions. The quantity of ore. however, is enonoonsly 
great. The veins are divided here and there, by thin beds of the 
rock, into several parallel f)ranches, so that the aggregate width of 
the ore has not been wrought in many places. The a^oining strata 
are, moreover, considerably disordered, and the veins are, in conse- 
quence, thrown ont of direction by two or three pretty large faults. 
These are connected with detached or broken off portions of the lodes, 
two of which are known to sweep roand a curve of almost semicircular 
form. 

Some portions of the adjacent strata contain the oxidulated mag- 
netic iron in a crystalline state, disseminated in sensible proportions 
through the rock, or rather throagh certain layers, either associated 
with the hornblende or replacing it. 

The greater part of the ore resembles in qnality that of the ranges 
before dcBcribod, being the mngnetic oxide of iron, either compact 
ani massive, or in graonlar crystallization. It has the defect common 
to nearly all the veins in the primary region; that is to say, it is apt 
to be too compact for easy reduction in the furnace. It yields an 
excellent iron, and seems especially well suited for making castings. 
Let me here be permitted to express the hope that this favored 
region of New Jersey, so eminently enriched by nature with that 
most valuable of mineral treasures, iron, is destined to behold at no 
very distant day, a brighter era as a manufacturing district. Two 
important new methods, recently introduced into the smelting of iron, 
namely, that of the hot blast and the substitution of anthracite coal 
for charcoal — now become in many districts of the State too scarce to 
be employed — seem peculiarly well adapted to remove some of the 
difficulties which attend the u^e of these compact magnetic ores. 
These obviously require a more elevated temperature for their profit- 
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ftble reduction than can be given ttiein by the aid of cliarcoal and t 
ordinary blast, and seem particularly to call for the application of t 
modern improrementa referred to. Tbo sacceas which has lately i 
tended the nae of anthracite in the smelting of iron in Pennaylvan' 
Buggests that New Jersey need no longer bo prevented from availii 
herself of the advantages arising from Iter superabundant treaaurea 
ore, by the absence ot wood upon her hills, 

CanclusioTiB Deduaihle from. tJisprevious Facts. — The first theore 
cbI inference, naturally BUggefltedby the remarkable manner in ^vhii 
all the veins, without any exception, occur, ia that the primary stra 
existed in all probability at a rather steep inclination before the ii 
trusion of the veins ; for it is inconceivable how a forcible injectit 
of fluid ore could enter a series of beds, lying in a nearly honzont 
position, without in some cases causing and occupying fissures tran 
Tcree to the strike of the strata. The fact that other similar veil 
— those of the altered white limestone of Sussex — occupying a corre 
ponding position in reference to the neighboring strata, and appei 
to have been produced after the formation of the limestone, is aaotlu 
argument lending probability to the notion that their origin was Bul 
sequent to the formation and upheaving of the gneiss. 

Moreover, it Lj not difficult to conceive, that if the strata were pn 
Tiously nearly vertical, or at a high angle, the molten ore wonl 
easily insinuate itself in the plane of the stratification of the rod 
this being the direction in which the strata would most readily giv 
way. It the rule be a general one, that these veins range and dij 
parallel to the strata, we are led to some important general hints fo 
seeking and opening mines in this region. One ia, that tbo veins o 
ore may be expected to follow the same layer or bed of roek for i 
considerable distance ; and that the nature, therefore, of the adjoin 
itiff rock, will often prove a clue for finding a previously known veil 
in the direction towards which it is prolonged. Another suggeBtioi 
is, (hat when levels are cut, or shafis sunk to reach a veio, the iadi 
cations of which are witnessed upon the surface, the excavation 
should he made on tliat side of the presumed outcrop of the Teii 
which is towards the underlie, or dip of the gneiss, because the vein 
keeping parallel with the rock, will descend m that direclion, 

Respectii^ the geological date of these veins of magnetic iron ore 
it Bcems difficult, from the imperfect nature of the data afforded bj 
the region, to arrive at positive conclusions. The views which w 
here venture to suggest, in the light of the hypothesis on the subject 
are offered as merely conjectural. They are deemed at tlie same 
time worthy of a place in our account of the geology of the High- 
lands, as assisting to throw light upon other questions hereafter tc 
arise, and as opening a train of inquiry interesting to future investtga 
tors — some of whom, let us hope, may hereafter find an inviting ficic 
for research in the structure and former physical history of this 01000- 
tain belt. 

In examining the question of the dale of the veins of magnetic iror 
ore, our attention is at once called to the intereatlng general fact, tha' 
these veins lie exclusively in the primary rocks. I think we tunE 
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tconclude that moet, if not all, of these veana of ore were etrnded from 
'their deep Bonree beneath the BDrface daring the epochi vhich pre- 
ceded the deposition (tf the first widely diq>«ved secondarj strata. 



SoggestioDS concerning the treatment of these ores can be of aer- 
; vice to the maDofactnrer only in proportion as they are the reBnlts of 
] namerons acd precise chemical investigatioDS into their composition. 
■ The following analyses will exhibit tneir average richness in iron ; 
, and display, moreover, the amoant and natore of the extraneons anb- 
[ Btancea which occasionally interfere with tbeir reduction. 

I AsALYOtS. 

1 Peers' Mme, Singwood, Borgen GovaUy. 

Description. — Ore, magnetic, perfectly grannlar and crystalline ; the 
I grains ancommonly large and distinct Contains a few spots of yel- 
lowiBh decomposed mineral. It is extremely friable. 
Specif framiy. — 5'112 at a temperature of eB-B" Fahr. 
Composition. — Iron, .... 71'9 per cent 
Insoluble matter, - - 0'3 do. 

Alnmina, ' - - - a trace. 
Lime, .... none. 

Good Sope Mine, Singwood. 

Deter^Uon. — Ore, magnetic, beantifnlly crystalline ; the grains ex- 
hibiting nearly regular facets. Contains a little intezspersed yellowish 
clayey matter. 

8p«cijic oraoitiy. — 5019 at temperature S0° Fahr. 
Gomposttion. — Iron, ... - 71*88 per cent 
Insolable matter, - - 1*5 do. 
Lime and»alDmina, - - a trace. 

" Gannon Ore,'' Ringwood. 

Detcription. — Ore, magnetic, highly crystalline ; the grains distinct- 
ly angnlar, and rather email. (%ntains mnch white and greenish 
mineral matter. 

SpeeijiG pravity. — 4*685 at temperatnre 69° Fahr. 

Composition. — Metallic iron, 6o'3 per cent. 

Mount Bops Bhu Mint, Morris Cownly. 

Desoription.- Ore, magnetic, compact and massive ; having hat lit- 
tle of the grannlar stractare. Fractnre nearly flat, bnt not smooth ; 
somewhat mottled with white and greenish specks. 

Specific gpovity. — 4*918 at temperatnre 65^* Fahr. 

wmpomtion. — Ketallio iron, • - - 69*6 per cent. 
Insoluble matter, - • 2'8 do. 



1 



GEOLOGY OF N^^V JEESEt. 
Teaho Mine, near Dover. 



Description. — Ore, magnetic, compact, Blighlly granalar, fractn 

irregiilHr: iugtre, brilliant, metallic. Contains dispersed grains 
hornblende and vitrooua felspar. 
Specific gravity. — i4-S2 at a temperature of 6J'' Fahr. 
Comj>osition. — Metallic iron, - - - 6i'9 per cent. 
Insoluble matter, ■ - 6-2 do. 

Lime and alumina, - - a trace. 
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Mount Pleasant Mine, near Dover. 

Description. — Ore, magnetic, compact and masBive; somewhntgra 
niar; grains less than the average size; contains greenisli and whi 
specks of extraneous matter. 

^ecifia (gravity. — 4097 at ft temperature of TC* Fahr. 
Composition. — Metallic iron, - - ■ 65'9K per cent. 
InsoIiiUe matter, - - 7-3 do. 

Lime and alumina, - slight traces. 

Sterling Mine, near the Mount Pleasant Mine. 

Des&'iption. — Ore, magnetic, maseive and granular ; grains distinc 
interspersed with apeefca of a whitish decomposed mineralj amountic 
to almost onehalf the trhole bulk. 

Specific gravity. — 4691 at a temperature of 66" Fahr. 
Composition. — Metallic iron, - - - 66'4 per cent. 
Insoluble matter, - - 4'4 do. 

Alumina, - • rather more than a trac 

Sti6oaBwnny Mine. 

Description — Ore, magnetic, highly crystalline ; grains large an 
distinct. 

Composition. — Peroxide of iron, 

Protoxiile of iron, - 
Oxide of titanium, - 
Oxide of manganese. 



70 '00 per cent. 
28-25 do. 
a trace, 
a trace. 



Oxford Fitmaee Ore, Scott's Mountain, Warren County, 

Description. — Ore, magnetic, and somewhat granular and friabl 
Contains numerous grains of felspar, hornblende, aud other cxtraneoi 
minerals. 

— Peroxide of iron, - ■ 67'25 per cent. 
Protoxide of iron, - - 26"50 do. 
Oxide of manganese, - 050 do. 

Oxido of titanium, ■ a trace. 

Silica, - - - - 2-10 per cent. 

Alumina, &c., - ■ 3-00 do. 
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The analyses of these ores beiog undertaken with a view to ascertain 
more particularly tLe quantity of metallic iron, the pro<;esB adopted 
'was to diaeolve the povdered ore in nitro-mnriatic acid, precipitate 
the iron by potoah, to redissolve it in excess of acid, and Bubse- 
qaently precipitate it br smmoDia. 

A portion, considerea as reproeenting the average composition of 
the specimen, was selected for ezaminatioa. In each instance the ape- 
<sific gravity has been taken by Nicholson's hydrometer. 

Five or six times the amoant which was employed for analysis be- 
ing finely pulverized, fi-om ten to twelve grains were generally nsed, 
-this being foand the most convenient qnantity for accuracy. 

It deserves the attention of those engaged in mannfactnring iron 
from these ores, that very frequently the portion of the vein lying im- 
mediately beneath the enrface, and the fragments and grains m tbe 
ore, which often fill the soil in vory considerable abtindance, are mach 
softer tlian the ore in the main body of the vein. The action of at- 
moapherio agents opon it appears to have rendered it more yielding, 
and it conseqnently mingles more readily in the fnmace with the other 
materials, greatly facilitating the smelting of the mass. The clay and 
earthy matters, which remain attadied to the sarface ore, even after 
it is washed free from the loose soil, account, in part, for its beneficial 
•efiEecte ; for, the highly silicions nature of the foreign minerals io the 
«re,~Beem8 to counteract, in part, the flnzing agency of the limestone, 
and renders it less^fficient than when other ores are smelted. Some 
trials have been made at the Oxford Furnace, which consisted in miz- 
iog a loamy clay with tbe ore, in addition to the limestone, and were 
decidedly SQconraging. Tbe loose surface ore, therefore, merits Uie 
attention of the smelter. At Oxford Furnace, the soil containing it ia 
washed in a stream of water, running through troughs ; after which it 
is sifted, and the increase in tlie product proves that the extra labor 
epent in preparing it is economically bestowed. 

In two or three places, in the iron region, magnetic separating ma- 
■ohines are nsed to clear the ore of the foreign mineral matter with 
which it there is mixed. They are applied, of course, only when the 

? quantity of non-metallic matter is so large as to constitute a molire 
or removing it; nor are they admissible except where the ore is 
highly magnetic. One has been used at Ringwood, and another at 
Hibernia. 

It is a curious circumstance that the igneous injections penetrating 
the older secondary limeetone of the chain of valleys north of the main 
range of the highlands, from Abiity, in New York, to Scott's Moun- 
tain, producing a striking change in its etructnre, thongh iometimes 
wholly metalliterouB in their natnre, rarely embrace veins of magnel- 
ic iron ore such as belong to the gneiss of the Highlands. 

Some of the veins of magnetic iron ore penetrating tbe gneiss may, 
therefore, claim an earlier date than those metalliferooB and non-me- 
talliferous veins which traverse only the sabsequenily-foiined blue 
limestone. 

The highly' singular phenomena connected with the intmeion of these 
last named veins in the limestone rocks of the valleys, will demand a 
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particniar deBcriptiou, whldi It is deemed proper however, to defe 
until the general geology of the older secondary strata shall liav 
, been previonsly discusfledT 

Gneiss Formation of Trenton. — Tlie very extensive belt of stratifi© 
primary rocks wliicli ranges nearly parallel n'ltli tlie Atlantic coasi 
aud forma the western limit of the tide in the rivers of Virginii 
Maryland, Delaware and Pennsylvania, after gradually cotitractin 
in width, crosees the Delaware at Trenton and soon entirely vanishei 
dwindling to a point about six miles to the northeast of the state TOik 
tropolis. lis further cotirse through the State is concealed by til 
overlying horizontal deposita of clay and annd, referable to the s;reoD 
sand scries. The fortnation again comes into view in Staten Island 
Long Island, and New York. 

Whero it crossefl the Delaware this belt of gneiss is about thre 
and a half miles broad, narrowing in its conree to the north uortheas' 
until, by the overlapping of the newer beds upon it, the visible poi 
tion of the formation fines away almost to a point about the &ixt 
mile-post upon the Delaware and Earitan caual. The triangular ar© 
which it forms lias the valley of the Assnnpink very nearly for it 
southeastern boundary, while its northwestern margin is formed b. 
the lower members of the overlying middle eecondary sandstonw 
TbroQghont the whule included space the mineralogical character o 
the rock is extremely well mai'ked. It is usually a triple mixture - o 
quartz, felspar and hornblende, the latter being frequently replacec 
by mica. Like the rock of the other primary zone of the State, th< 
highlands, it goes very frequently under an improper name, bein^ 
caUod a granite, and sometimes a sienito. Its well-marked dip anc 
stratification, its occasionally schistoae structure, and the decisive fad 
of il8 running in strict contioHily with the acknowledged gneiss roct 
of the Schuylkill above Philadelphia, are sufficient to establish itf 
claim to be considered a portion of the great Allaotic belt of gneiss, 

A little north of Trenton, and near its border, there is a quartoze 
variety of the rock containing a little mica, giving it the laminated 
form, but the mass of tlie rock is a close-grained stratified mixture ot 
felspar and quartz, Tliis baud consists of an intimate mixture of quar- 
toae and felspathic matter fused together. It seems to be continaoue 
with the fulspathic rock of Barrel Hill, in Montgomery couuty, Pena- 
aylvanin. Splitting into rather well-formed large slates, and haying 
a smooth surface, it fumisLes a very good flag stone for the walks 
and steps in Trenton. 

■Wbercvei' the stratification of the gneiss can be seen it is found to 
dip at a steep angle, nearly seventy degrees to the southeast. And 
there can be no donljt that it underlies nnconforraably both the np- 
per secondary, or greensand deposits on its southeast, and the middle 
seccndary, or argillaceous red sandstone formation on its northwcBt. 
One variety of the rock possesses the general aspect of a sieuite, and 
another id'teu contains eiich an excess of hornblende as to cause it to 
resemble closely a greenstone or basalt, for which it might be taken 
were it not for the stratified siriicture evident in almost every mass. 
In some portions the quartz is blue, semi-transparent and opalescent, 
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and the hornblende and felspar show a teudeocy to decomposition. It 
is met with of tiiis variety upon the canal abont two miles from Tren- 
ton, and in several places further to the Qortheast, as far as the spot 
where the rock ceases to show itself in place, which is abont three and 
a half milea from the town. It may be traced abont two miles farther, 
by observing the character of the diluvium above it. 

Its economical importance coDsists chiefly in its including several 
valuable varietiesof bnildins; stoue, well adapted to strnctoree demand- 
ing solidity and strength. Some of it would make a very fine road- 
Btone. To the scientiue world it is interesting, as presenting one of 
oor few localities of zircon, whicU occurs about fifty yards aoove the 
bridge at Trenton. The soil over this formation is a very heteroge- 
neous mass of diluvium, derived &om the gneiss and the formations 
to the northwest. It is generally gravelly. In the valley of the 
Aaaunpiok it is often a greenish sand and gravel, derived from the 
quartz and hornblende, and is then rather sterile. 



CHAPTER II. 

OV THE OLDBB aKCONDAHY OE APPALACHIAH BOCiS. — QBOLOOT OF THB 

ErrrATDorr VALLsr, wrrs its bbakches, abo of the bbqion of the 

SnTATINNT UOUHTAIH. 

Ifaiure and Composition of the Sirata. — Having in the last chapter 
described the general and local geology of the primary districts of the 
State in aa much detail as the limits of the present work would per- 
mit, I propose, in the present place, to offer a similar account of the 
geological features and structure of the region occnpied by that exten- 
sive group of formations of exclusively sedimentary origin, which I 
conceive to have been deposited during the period that next succeeded 
the first elevation of the primary strata. 

As these sedimentary rocks repose in immediate contact with the 
gneiss, preseuting from the attitude of their beds, abundant evidence 
Uiat they were precipitated upon it while it was yet only in part ele- 
vated above the waters, and, as the same strata, moreover, hold a sim- 
ilar relation to our primary rocks throughout their entire range, from 
Yermont to Alabama, separated from them by no other group of strata 
yet discovered, claiming an earlier origin, I have deemed it expedient, 
for the sake of claesifieation, to confer upon them the title of the older 
seoondary strata of the United States. Constltnting almost the entire 
chain of the Appalachian or Alleghany system of mountains, in which 
the whole series is not only much more complete but better developed 
than in any other region of the continent, I nave thought it judicioua 
elsewhere in my geoIoMcal descriptions to propose for tliese rocka the 
synonyme of the Appalachi<m System of Strata.* 

Comparing them with the older secondary rocks of Europe, they are 

■ See AoDoal Report* on tlu Qcologtcal Snrrcf of P«iui8ylTam&. 
3 




34 



GEOLOGT OF NEW JEHSET. 



evidently related, as respects their date, more nearly lo the English 
Biiurian strata than to any other known cystein. The probahle extent 
of their affintiy io these will be touched upon under another more 
enitable head. 

Confining onr attention in this place to those members of the older 
secondary eeries which enter the territory of the State, they will be 
found to comprise the Jive lowermost formations of that extensive 
gronp, together with tho lower division of the eighth, (the sixth and 
seventh being absent), counting always in the ascending order. 

The first, or lowed of these, seen only in two or three localitiee, is a 
while sandstone. Formation I, of the general Appalachian series ; the 
second in the order of superposition, is the blue limestone of the Kit- 
tatinny valley and its branches, and is Formation II, of that group ; 
the third great sfraium is the elate of the same wide valley, and in the 
general series is Formation III; the fourth is the rock ot the Kitta- 
tinny, or Blae Mountain, a gray sandstone, passing into conglomerate, 
and is designated as Formation IV; the tifth is tJio red sandstone. 
Formation V, occupying the northwestern flank and buae of the Kit- 
tatinny Mountain ; while the sixth, and uppermost, is fiie blue fossil- 
iferous limestone, skirting the valley of the Delaware, from Wallpack 
Bend lo Carpenter's Point, being the lower division of Formation VIII 
of the same Appalachian system. 

The following table will serve to explain more clearly Ihe order of 
stratification, and the prevailing composition of these several rocks; 
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TABLE, 

Of the Lower Secondary or Appalachian Eoclcs as they occur in New 
Jersey. 



FOKliATIOira HI TH» 




I 


-VUI. 


bottom of FormfttioD VIII. 


Probably 300 


V. 


A gronp of alternatiDe red Mndstonw, and red, ir- 
pact and ponderous Mmdetcne. of ■ oUrat red 


AboQt S,OCH) 
feat 


IV. 


A tet of comiuct w>iit« tmd gra; aaodetoneg, with 
eralapedeaoffacoidea. 


About 8,000 feet at 
Delaware Water 
Gap. 


III. 


•ndraf^ AfTordi goodr<K>fiDgBlat^; contaiasl 
rlDefoaaul 


Not pMitivd, 
known, bnt 
thonght to be at 
leut 8,000 feet. 


II. 


taina tUn bedi of chert. 


Not positiTelj 
known ; proba- 

a,000 feet 


L 




owing to denn- 

dation. 



SECTION 1. 

Of the White Sandstone — Formation 1. 

Geographical Eetent. — This formation, so lar^ly developed ia 
FennsylvaDia, in the flaoks and even summits of tne hills which con- 
etitate the same chain as the highlands, I have hitherto discovered in 
only three or four small iGolated trncts iu New Jersey. The first locali- 
ty, commenciDg towards the northeast, is north of the Peqaannock, 
lietween Long Pond and Macapin Fond. Its position is in a narrow 
holt cf the ancient secondaiy rocks, whicli extends for several miies 
along the confined valley ineladed between the eastern hase of the 
Green Pond Monntaio and the primary hills directly east. The first 
Tisible mass of the sandstone occnrs abont two miles north of the farm 
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of Richard Gould, Esq,, or nbont four miles south of Long PoM 
The rock here lies near the baae of the primary hills. It probably 
extends sonthward in a continued belt for several miles beneath the 
limestone (Formation II,) of the same valley, though it does not show 
itself again until we reach the farm of Mr. Gould, where it is displac- 
ed Dear the head of Macapin Fond, in an interesting exposure, at the 
base of a ridge of the limestone dipping beneath that rock at an angle 
of sixty degrees. 

The next spot at which tliis stiatum reveals itself at the surface is 
in the prolongation of the same valloy, and about midway between 
Flanders and Snccasunnv Plains. The rock occupies a small low 
lull, nearly but not exactly in a line with the low ridges whicii con- 
stitute the denuded extremity of the Oopneras Mountain at Succasua- 
ny. The stratum has evidently sustained extensive denudation, only 
a patch, not more than a mile in length, of the lower portiona of tho 
formations being left in the middle of the valley. Tho rock is nearly- 
white, very qnartzose, and somewhat friable in texture to a considera- 
ble depth below the soil, yielding, therefore, a very pure white sand. 

The only remaining locality at present known occurs on the north- 
western side of the small ridge oi primary strata, which commences 
a little to the west of Hacketstown, and extends thence southward 
about four miles. The range of the sandstone occupying a confined 
area upon this ridge is very limited. Tho rock is of a grayish white, 
has an even texture, dresecs readily under the hammner of the mas- 
son, it is, in many respects, entitled to attention as a material well 
adapted for architectural uses. It has been occasioally employed with 
that view at Hacketlstown. 

Almost everywhere else along the boundary which separates the 
limcBtone from the primary rocks, where this formation should be 
found, we find either no traces of it whatever, or else here and there 
a debris, consisting of a white sand and gravel, derived from the de- 
struction of the rock at its outcrop. Tlie frequent accumulatian of 
the large deposits of diluvial matter at the bases of so many of the 
primary hills, together with the easy dcstructibility of the rock itself, 
which can nowhere within the State have attained to a great thick- 
will serve to explain the very limited extent to which it is e — 
posed. 

SECTION n. 

Of the Blue Limestone {Formation II.) of the Kittatinny Valley 

its Branches. 

The second rock of the Appalachian series wtiich we meet with in 
the ascending order, is the great Hue limestone formation of the 
southeastern half of the Kittatinny valley, and of moat of the valleys 
included between the several ranges of the primary hills, or High- 
lands. 

Geological range of the Formation. — Omitting, for the present, tho 
task of tracing the lesser belts of the blue limestone, whicli occupy the 
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-narrow, longitndinal valleys of the priraary chain, and the valley of 
the PaalioBKill, and restricting oar attention to the principal tract of 
this formation in the State, we may define it in general terms, as oc- 
-capying the BontheoBtem Half of the Kittatinny valley, anderatanding 
this name in its most comprehetisive sense as extending to the base ot 
the long continuous mountain range, known as the Wallkill, Scboo- 
ley's, and Mnsconetcong monntains. Within this broad belt rise ap 
a naraber of the detached primary ridges of the general chain of the 
Highlands, whose exact position and bonndaries we have already 
traced. 

The continuity of its surface is still farther intermpted near its north- 
eastern margin, by a BnccesBioii of long and narrow synclinal beltB, 
consisting of the slate of the overlying fonnation. 

The general soatheastem border of this large limestone district has 
heen already traced in sufficient detail, when describing, in another 
-chapter, the northwestern limit of the main continnons range of the 
primary, above referred to. It was stated aa keeping a UttJe to the 
southeast of the Mnsconetcong creek from its mouth nearly to Stan- 
hope, towards its sonrce, and thence to extend, in a more wavering 
line along the base of the Wallkill Mountain, to New York. 

Its northwestern margin, separating it from the main contiuaoua 
elate belt of the Kittatinny valley, may be given aa extending loogi- 
tudinally, in a somewhat undulating coarse, through the middle of 
that valley, from a little above Belvidere, on the Delaware, to near 
the intersection of the Wallkill and the State line of New York. 

Tracing this boundary more minutely, it will be found, beginntog 
at the Delaware, to run in a northeast direction, for about four miles, 
to the little village of Sarepta, to deflect thence north, for several 
miles, to the Free Church, on the road from Hope to Columbia ; pass- 
ing which, it sweeps again towards the east, until it reaches the vici- 
nity of Johnsonburg, From this point to the New York line, it pre- 
serves a nearly straight course, skirting the town of Newton on the 
northwest, passing a little west of the village of.Harmonyvale and a 
correBponding distance east of Deckertown, and meeting the meadows 
of the Wallkill about three miles to the soathwest of the line bonnd- 
ing the State. 

The large zone of limestone now delineated, offers many cnriouB 
featnres to the geologist. Conspicuons among these are its numerouB 
anticlinal axes, and the striking phenomena of an induced crystallisa- 
tioD, effected along certain belts of the stratam bv the heating sgency 
of the nomerous igneons dikes and veins whicn traverse it. These 
will be systematically described and traced in their own more appro- 
priate places. In the meanwhile, we proceed to give the boandaries 
of the other leaser bands of the limestone formation. 

Next in extent of surface to the broad area already traced, is die 
smaller parallel tract of the valley of the Panlinskill, lying to the 
northwest. Commencing at Coursinville, in a wedge-shaped point, in 
the midst of the wide tract of the elate of Sussex county, it ranges 
BOQthwestward, following nearly the valley of the Paulinskill creek to 
Jt8 moutb, and terminating, in another wedge-shaped point, on CoboB 
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creek, in Peiinsylvnnin, about a mile aud a half beyond the Delawai 
It haa the form of a long, continuona, and nearly straight belt ; vary 
ing between one and two and a lialf miles in breadth. The only con- 
epicuoiia irregularity in its margin, is wheft a long narrow tongue of 
the overlying elate iutrudea itself into thia tract northwest of NewtoOr 
following the immediate valley of the PaulinskiU for several miles. 

The ijliyeical features vf this extensive mnge of the limestone, are 
those of a valley deriving its outlines from an active denuJatioii of 
the rocks along an axis of elevation which traverses it nearly centrally 
from one extremity to tho other. 

On the opposite or southeastorn side of the main zone of primary 
rocks which crosses the State, we meet with the limestone extending 
at somewhat interrupted intervals in a long narrow band, in the bed 
of that great continuous valley which separates tbe main chain of the 
Highlands longitudinally into two nearly equal wide belts of hills. 

Taking up this range of ihe limestone at its northeastern extremitj', 
the firijt narrow band which we encounter, is between the outlet of 
Long Pond and the outlet of Macapin Pond, along the eastern base of 
the Long Pond Mountain, This exposure of the rock is about three 
and a half miles in length, commencing about two and a half miles 
north of Macapin Pond, Another very small paieh of the limestone 
presents itself about one mile to the northeast of the head of Green 
Pond. Both this and tho former locality exhibit a considerable quan- 
tity of fossil marine shells in the rock, belonging, however, to but a 
limited number of species. Elsewhere, throughout the State, this 
limestone formation is sinculaily deficient in organic remains; and 
consequently, these isolated tracts derive considerable interest to the 
geologist from their fossiliferous character. 

Extending our researches throngii the same general valley, we ^aiQ 
come upon the limestone, about two miles to the southwest of Flan- 
ders, from whence we may trace it in an interrupted belt down Ger- 
man Valley to Clinton, and thence along the southeastern base of the 
Musconetcong Mountain, past Vansiekle'e, to Pattensburg, reiippear- 
ing again within a few miles of the Delaware, and extending to the 
river. 

The small, isolated range of this limestone in Mendham valley 
forms the only remaining tract of the formation in the State. It oc- 
cupies the bottom of the valley, lying between the base of the Mine 
mountain and the Trowbridge mountain, and flrat shows itself about 
a mile east of Mendham, from whence it extends to near the mill, 
which is ft short distance below tlie village. There it disappears be- 
neath the overlying beds of tho middle secondary red sandstone aeries, 
which repose nnconformably upon it. It soon emerges again from 
beneath this covering, and may be ti'aced nearly from Ealetou's to the 
Pepack brook. 

Composiiion and Structure vf the Hock. — This rock possesses a re- 
markable diversity of aspect and composition. It assumes almost 
every variety of tint, from a dee|iblue, almost approaching to black, to 
the lightest shades of gray ; but its prevailing color is a soft grayish 
blue. It is equally mnltifarions as to texture, presenting every possi-- 
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ble gradatioD, from an almost cryetalliDe character to the closest and 
finest earthy aggregation of the particles. When the latter character 
is asBociatea with a clear tint of blue, and with a shnrp, smootli, well- 
defined and conchoidal fracture, the rock iisaally consists of pure car- 
bonate of lime; while, on the other hand, a rougher texture, a duller 
tint, and more iiregalar surface of fracture, indicate tlie presence of 
other materials. 

The extraneous ingredients which most abound, are carbonate of 
magnesia, alumina, and silica: wliile oxide of iron and carbon also 
frequently enter into its composition, but in less proportion. The rock 
is somatimoB sandy, especially in the lower part of the formation ; and 
it ia frequently in ether portions more or less argillaceoas, in which 
case it is apt to present a partially slaty structure. It is also thin- 
bedded or flaggy, but oftener occurs in layers of from several inches 
to a foot or more in thickness. 

Tbroaghoat a large portion of the geographical range of this rock, 
it exhibits in a greater or less degree, the Mique deavage planes, so 
conspicaons in many belts of the slate which adjoins it. As this in- 
teresting subject of the clearaee of rocks will be considered more ia 
detail when diacnssing the ge^ogical features of the slate, it is passed' 
by for the present, with the remark that the general direction of ths 
cleavage planes in the limestone follows strictly that which prevails 
almost universally in the slate, the dip and strike of these pLanes of 
cleavage being in both formatioDS entire, independent of the direction 
of the dip of toe strata. 

Axes of Elevation Affecting the Formation. — Seeking by the study 
of the external phenomena of a formation, to understand either the 
revolntions in the past physical condition of its district, or the present 
Structure of that portion of the earth which it constitutes, we shall 
find it essentially important to examine in an early stage of the in- 
quiry, the nature, extent, and relative sitnation or direction of all the 
axes of elevation which may disturb its beds from their oiiginal near- 
ly horizontal position. These axes of elevation marking the lines along 
which the subterranean forces have exerted themselves in their great- 
est energy are the surest guides we can possess, not merely to the 
changes which the strata may have undergone, both of displacement 
and of alteration of structure ; but to the existing position of every- 
thing they may regularly include, whether it may interest science 
only or prove particularly useful to the wants of man. They show us 
what portions of the formation have become deeply buried beneath 
the surface, and often at what depths, whether accessible or inacces- 
sible, and they inform us what portions of the formation have been 
removed from the surface by the crushing and washing away of the 
strata along the lines where they were most uplifted. Tbey consti- 
tute, \a fact, an indispensable clue to the operations of the miner, the 
qaarryman, and even the road-maker, in every much convulsed dia- 
trict where they may abound. 

As, therefore, the primary chain of the State, and the whole of the 
great valley which borders it upon the northwest, are traversed lon- 
gitudinally by a most extensive system of such axes, lying mutually 
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parallel and closely contiguoua, and conDected intimately witli nearly 
every point in their geological etincture, both general and local, I 
deem it important to introduce liere a Brstematic enumeration of all 
gncb as are of mnch note, intending, as I proceed, to exMhit their re- 
lations to the disturbances and change of etrncture, canacd in the ad- 
Joining strata. 

Pursning our usual course from the northeast towards the sonth- 
west and examining first the southeastern belts of tlie formation in 
the Kittatinny Valley, we commence with that axis, or ratlter, proba- 
bly, that chain of axes which we find ranging in the prolongation of 
the Fochuck Mountain. 

That the oval-shaped primary hill called the Pochnck Mountain, 
owes a part at least of its present altitade, to an axis of elevation pas- 
sing through it longitudinally from north-northeast, to south-south- 
west, is rendered sufficiently apparent by the anticlinal posture of the 
limestone reposing at its base; that which flanks it on the southeast 
dipping towards the Pochuck Yalley ; while that at its northwest foot 
has an inclination towards the valleyof the Wallkill, in the opposite 
direction. The valley of Black and Warwick creeks, which I here call 
the Pochnck Valley, contains the limestone in a trough, oonsiderably 
disturbed, however, from a symmetrical synclinal structure by a series 
of igneous dikes of mineral matter, ranging at broken intervals at a 
nearly straight line from Amity, in New York, to a point a little 
south of Hamburg, which either locally derange or altogether oblite- 
rate the dip of the limestone hy fusion and recrystallization. The 
prolongation past Hamburg of this synclin^ axis is not clearly trace- 
able in consequence, most probably, of the close approach of the np- 
titting primary rooks of the Kambure Mountain to those of the Po> 
«hucE Monntain ; at this vicinity t£e upheaving influence of the 
former countervailing, for a limited space, the anticlinal axes of the 
Pochuck Mountain ; causing all in the tract immediately southwest 
of Hamburg to dip along a certain distance towards the northwest. 
Bat tracing what ought to be tbe line of the Pochuck axis, a little 
farther towards tbe southwest we find distinct evidence tliroughoat a 
belt having a somewhat confused anticlinal dip, of its prolongation 
under theltmestone between Hambai^ and Munroe. It woultf seem 
not to extend as far as the turnpike, south of the village of Lafayette ; 
for though the limestone displays a northwestern dip along the mar- 
gin of the slate, both at Munroe and on the tnmipike, we cannot find 
m the proper places any corresponding dip to tbe southeast which 
might give proof of a continuation of me axis so far towards the sootfa- 
wesL 

Anotlier axis of elevation is traceable in Pimple Hill, for the lime- 
stone at its Bontheastern base is seen dipping from the hill, or towards 
the floutheast ; and we have already recorded the northwestern dip of 
its bed on the western side, or between Munroe and the turnpike. 
Though the stratification is locally much contorted and disturbed in 
the valley between Pimple Hill and Hamburg Mountain, by the vio- 
lent digrupting igneous agencies, which have so extensively altered 
tbe texture of the limestone, yet tbe general structure of this belt is 
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bat of a somewhat irregular synclinal trongii, which mny he traced 
paet Sparla into the Talley of Lubber rnn, tbowgli with many inter- 
rnptionB to the regularity of tlie synclinal axis. The portion of this 
valley between Sparta nnd Lockwood owes the uplifting of its beds, 
along the northwestern side, lo an axis occupying longitudinally the 
narrow primary ridge which stretches from Sparta to Andover 
villflge. 

The dip of the limestone becr-mes, however, very irregalar as we 
approach the several insulated primary knoba in the vicinity of Lion 
Pond and Panther Pond, and between these and Stanhope. Just 
north of Panther Pond, tlie little limestone which is visible is seen 
to dip towards the northwest, evidently thrown off into that position 
from an axis in one of these Itnobs. Whether the axis of the Sparta 
ridge, that of the knob sonth of the pond, and that traversing the 
ridge wliich passes Alamuche, belonji; to one line of elevation, or 
whether, more probably, they are discontinuous, is a point not read- 
ily settled, owing to the obscure exposure of the Umeatone and gneiss, 
■which are here much covered by dilnvium, and to the remarkable in- 
tricacy of the country between Lockwood and Andover village. 
Between Panther Pond and Lockwood, ihough there are prol 
several contiguons short anticlinal axes in the primary knobs, inelui 
iog, no doubt, intervening troughs of the limestone, yet this rock has 
been subsequently so affected by extensive igneous agency in this 
qufirter as to show an almost total loss of regularity in its dip. 

Prolonging our observations south westward, we find in the com- 
paratively broad tract of primary rocks, which lies between Lock- 
wood and Vienna, indications of more than one axis of elevation in 
the gneiss. The most soulhenstern of thoso has uplieaved the lime- 
stone rocks of the soulhwestem side of the ITacketstown valley, im- 
parting to them their present dip to the southeast. This axis has 
probably brought to the surface the narrow tract of gneiss extending 
from llacketstown towards the Mount Bethel church, pursuing the 
same line of elevntion, namely, that immediately west of Musconet- 
cong valley, we trace the same anticlinal line, or, more probably, 
one parallel and nearly continuous with it, through what is termed the 
Manstield valley. This is j)roperly the axis of the upheaved belt of 
gneiss which lies between the Musconetcong and Pohatcong streams. 
We have proofs that the elevatory force extended aouthwe^tward 
nearly to the Delaware, inclining the beds of limestone on the one 
hand towards the Museonetcong, and on the other towards the Pohat- 
cong. 

That this axis of elevation is not strictly coincident with that which 
conies in to meet it from the northeast, is rendered likely by the vari- 
able nudnlating dip of the rocks along the centre of the Manstield 
valley, where these axes should pass. It is a phenomenon which the 
the geologist may often have occasion to remark when detecting the 
near juxtaposition of two anticlinal axes which overlap or pass each 
other, that the strata iramodiately witliia its range are almost invari- 
ably thrown in a succession nf ojiposite or undulating dips. 
To the southeast of I he general axis of elevation, viewiuj "" 
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thus traceable from near Lockwood to the Delaware, we have thesio' 
galarlf uniform straight and narrow synclinal valley of the Mii 
netcong, along nearly the whole length of which the limestons will ba 
found dipping awayfrom the liills which bound it towards a Bynclioa! 
axis, which ranges not exactly along lis centre, however, bnt lies 
nearest to its sontbeastem margin, approaching the Btream itself. Thi^ 
departure from a central position in the synclinal axia of the valley 
is a very usual feature in tae axes of tlie Appalachian chain. It re- 
eolta as a oecessarT consequence from the nortbweetern dips belong- 
ing to the aDtiolinal axes lying next to the aontheast, or tnat of the 
Scbooiey'a Mountain chain, being steeper than the southeaetem dips 
from the axis of elevation noithweat of it. This want of symmetry 
in the dip of the strata would not claim a special mention in this 
place but for the truly remarkable circumstance that thronghont 
nearly the whole length of the Appalacbian chain, embracing many 
hundred anticlinal axes, the same rule prevails with scarcely an ex- 
eption, the noithwestern dips being steeper than the opposite Booth- 
eastern onea. 

Resuming our delineation of the anticlinal axes which affect the 
limestone formation of the Kittatinny Valley, the next in order which 
plainlv manifests itself to the norttiweet of the general line of eleva- 
tion already described, belongs to the snjoll ridge.of primary rocks 
which rana very nearly in tue prolongation of Pimple Hit), soath- 
westward from the turnpike towards Long Pond. South of the pond 
this axis is distinctly traceable in the limestone nearly to the next 
turnpike which passes through Andover. If this and tlie axis of Pim- 
ple Hill are not identical, tliev ore most probably the joint reeulte of 
one elevatory force, exerted along a nearly continuous line. West of 
Andover this line of elevation in the limestone is no longer traceable, 
the dips of the rock on the northern side of the Fequest being refera- 
ble to the more influential axis which is prolonged trom the violently 
uplifted ridge of Jenny Jump. 

Between the short axis now described and that of the Sparta ridge 
aontheast of it, we meet with a narrow belt of limestone coming to a 
point towards Pimple Hill. In this belt, which opens oat towards 
the Bouthweet in tbe more expanded synclinal basin southeast of the 
Jenny Jump axes the limestone is much disturbed, and along its 
eastern side is in some places entirely crystallized by igneous agency. 

The axis of elevation wbich passes longitudinally through Jenny 
Jump is plainly exposed in the limestone for several miles in both 
directions. At the southwestern extremity of the ridge it passes to 
the south of the little village of Sarepta, and parallel with the base 
of Scott's Honntain towards Belvidere, forming a small synclinal 
basin in tbe secondary rocks between Bridgeville and Belvidere. 
Along this anticlinal axis, especially near the mountain, tbe beds of 
the limestone ai'e highly nplilted, and in many places greatly crushed. 

The movement which elevated Jenny Jump seems to have heea 
everywhere one of exceasive saddenneas ana violence, as the strata 
along its anticlinal axis are not only there frequently much disloca- 
ted and broken, but those lying immediately along its northwestern 



GEOLOGY OF NEW JERSEY. 43 

base are in aereral places thrown into an iaverted poetare, dipping, 
not to tbe northweet, but in towards the base of tbe nill. 

Tracing tkia anticlinal axis towards the northeast we find it exhib- 
ited in every steep, and somewbat disturbed dips in the limestone for 
a bhort distance beyond the termination of the monntain. It after- 
guards becomes more regular and may be discovered running for 
many miles in a nearly straight conrse, passing a little to the east of 
G-reenville. Between this pomt and the turnpiKe we fail to follow it 
ia conseqaence of the difficulty of procuring distinct exposures of the 
strata ; bat about a mile northeast of the turnpike we perceive an an- 
. ticlinal axis, ranging somewhat parallel with and nortnwest of Long 
Fond, and coinciding so nearly in direction and position with this m 
Jenny Jamp, as to warrant as ia regarding it as a portion of the 
BBme line of elevation near its northeastern termination. Were this 
axis prolonged yet further to the northeast, it would constitute one 
long and nearly straight axis with that which approaches it from the 
northeast through the centre of Fochnck Mountain ; but as we have 
already shown that the latter subsides near Mnnroe, we have a space 
of several miles along which their continuity is interrupted. 

Adverting now to the synclinal baaioB included between this main 
axis of Jenny Jump and the chain of axes previously traced lying to 
the southeast of it we discover the limestone to term one general 
troQzh, in the valley of the Fequest, between Greenville and the Ala- 
moche belt of the primary. But passing the Andover turnpike this 
trough runs into two on account of the interposed short anticlinal 
axis, prolonged from Fimple Hill. Between the anticlinal axis and 
Alamnohe, the southeastern dips are observed to occupy, as they fre- 
quently do, a much wider belt than the northwestern one, the latter 
being by far the steepest Whether farther towards the southwest, 
between Jenny Jump and the ridges east and south of the little vil- 
lage of Vienna, the limratone of tms tract mav not be disturbed from 
the simple synclinal arrangement which it has near Alamncbe, in 
consequence of one or more short axes of elevation extending into it 
from the spurs of Scott's Mountain, ia a question not readily answer- 
ed, owing to so large a portion of the eunsce of the limestone being 
hid from view, firet by the Great Meadow, and southwest of this, by 
the large accumntations of diluvium in that quarter. 

That such short axes do disturb the limestone near Scott's Moan- 
tain is, however, highly probable, even from the few dips discloeed. 
Though it is difficult to trace the axes of elevation as they traverse 
the primary ndges, on account of the frequency of the igneous injec- 
tions in the gneiss, producing much contortion in the strata, yet view- 
ing the topography of Scott s Mountain in connexion with the more 
regatar dips which it discloses, we cannot resist the impression, that it 
oves its elevation to at least two considerable anticlinal axes. 

One of these would seem to range along its southeastern ridges, 
pasBing not far from Oxford Furnace, and southwestward between the 
Lopatcong and Merrill's brook, uBTecting the limestone north of the 
former stream. The other observes a more northwestern line, and is 
probably connected with the elevation of the primary ridge, called the 
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Uarble mountain, at the Delaware. At the eoutheastern baee of Scott's 
Honntaio we find the UmestoDe aesumiitg the eyncliDal etrnctnre in 
the valley of the Pohatcong; but not everywhere symmetricallr, as it 
gives evideoce — eBpecially ae we approach the Delaware — of being in 
some places actnallv inverted alone its eonthweBtem border. 

It is difficult, indeed, to find tue rocks anywhere dipping to the 
northwest, thronghont tJie wbolo distance from tbe Pohatcong, across 
their strike, to the baee of Marble moTintaiii. This indicates, in the 
Kittatiany valley, that those belts of the stratnm lying to the northwest 
of each anticlinal axis, instead of assuming, as we wonld expect, 8 
northwestern dip, have been so forcibly apheaved in that direction as ■ 
to have been tilted in many cases heyond the vertical plane, and made 
to fold over, with a southeast dip, npon the sontheaBtern dipping-beds 
belonging to tbe next northweetem axis. Connected, most probably, 
with some early movement of elevation in the strata around Jenny 
Jump, there occurs an interesting and rather anusnal phenomenon, in 
the narrow belt of limestone at the base of tbe mountain, immediately 
to the Bontheast of the little village of Hope. We allude here to the 
uncommon structure of the rock, whico is at this place a true conglo- 
merate made up entirely of pebbles and rotted fragments, some of tljem 
being many inches in diameter, which, like the paste imbedding and 
cementing them, consist exclusively of the same materials as the rest 
of the blue limestone formation, in which this conglomerate occnre as 
one of the interposed beds. 

The same formaUon embraces, in Pennsylvania, a similar included 
stratum, occupying, to all appearances, a corresponding position in 
the general mass of the Kmestone. This occurs on the NortLkill, a 
little above the village of Bemeville, in Berks county : these ore the 
two principal localities at which I have hitherto discovered this 
coarse, calculous conglomerate. Bat I am anthorized by my brother, 
Professor William B. xtogere, the State Geologist of Virginia, to men- 
tk)n that an equivalent rock prevails in the aame relative place in the 
geological seriee, at severaJ points along tbe Kittatinny valley in that 
State. 

This conglomerate imparts interest to all ingnirieB reapeoting the 
^Ua of the diBtnrbances which have elevated oar great seriee of Appa- 
lachian rocks, tbronghoBt their prodis^oas range, firon VermoBt to 
Alabama : it distinctly implies that the aboree of tbe Appalaohian 
ocean were agitated at the early epoch at which tbe limesbone was 
produced, by a movement mifficiently violent to shatter and convert 
into pebbles some of that rock already deposited. 

The facta above adduced, prove, also, that, though apparently sud- 
den and of short duration, this convulsion of the limeet<Hie ranged, if 
not uninterruptedly at least at interv^s, far to the southwest, aloiw 
the same line of ancient shore : for it is indisputable, that tbe general 
belt of the Highlands, and their prolongation southward, formed tbe 
general soath^astem coast of the great ancient secondary or Appala- 
chian sea, if not everywhere at tbe eommeneemeni of these deposits, 
certainly alter tbe first two or three formations were accumulated. 

The next main axis of elevation, beyond that of Jenny Jump, is 
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traceable firom near Deckertown southward, passing the villages of 
ISarmonyTale, Lafajette, Newton, and Jolmaonburg. 'Strict contin- 
aity of the anticlinal azie between these several points is not, however, 
clearly eetablished ; and, very possibly, it is rather a Buccession of 
two or three coincident asee than one of nnbroken regularity ; the up- 
heaved belt of limestone cootaining this chain of axes is itself naiater- 
rupted from the Wallkill, near Deckertown, to Johnsonhnrg, its 
uorthwestera margin ; and tnat of the belts on its soothwestem pro- 
longation, at Hope and Belvidere, have been delineated in detail 
when describing the geographical range of the formation. On Uie 
southeast, between this anticlinal beltof the UmeBtone and that which 
contains the axes of the Focbuck and Jenny Jump mountains, there 
is a long and narrow zone of the overlying slate. Formation III. 
This starts from the Waltkiil, about three milea northeast of Decker- 
town, and ranges in an attenuated ridge, until opposite Newton, pass- 
ing about hair a mile east of Harmony vale and Lafajette. It presents 
throughout its whole length a regular synclinal structure, lying in the 
middle of the trough of Rmeatone, formed by the two parulel anticli- 
nal axes above referred to. About four miles southweat of the ter- 
mination of this Barrow rangejof slate, another commences, beginning 
between Keadiog's pond and the turnpike, and passing a little west 
of Qreenvitle. Between this belt, which is very narrow, and Grass 
pond, near the anticlinal axis, occurs another similar small range of 
the slate. The two parallel little ridges of this rock lie in the prolon- 
gation of the general synclinal trough, between the two main anticli- 
nal axes, separated, however, by a uiort interposed axis of elevation, 
traceable between them from Beading's pond, southwestward. Each 
belt of the slate has, therefore, the structure of a ^narrow synclinal 
ridge. 

Lying a little further to the northwest than the principal axis, which 
passes Johosonburg, there commences an axis which elevates the 
umestone of the ov^ tract extending from near Johnsonburg nearly 
to 8arepta, 

The axis to which we now allude passes a little northwest of the 
village of Hope, dying out beneath the slate towards Sarepta. Be- 
tweok it and the northwestern dipping limestone, uptilted by the axis 
of Jenny Jump, we may trace another long, narrow, and nearly 
straight b^t of the slate. This small ridge of the slste, like those 
pievionsly mentioned, contains a synclinal axis running centrally 
along it. 

B^des the anticlinal axis which ranges a little northwest of Hope; 
we have indications of another shorter one, lying between it and the 
western margin of the limestone. Eat this lesser {ixis, the presence 
of which explain* the sweep towards the westward at this place, at 
the edge of the upheaved rocks, has not been accurately traced, ow- 
ing to tli« fewness of distinct exposures. 

The last of the main anticlinal axis of the Kittatinny valley to- 
wards the northwest, is that of the limestone bolt of the valley of the' 
Faulinskill. 
Tliia axis may be pursued for nearly the whole length of this lime- 
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etone valley from tlie nnrtlie&st of Augusta to the Delaware river. 
Iti iisanl iioaition ii eomcwliat to the eoiitlicnet of the middle of tba 
valley. Like many of the oDieri, npoti tta Gontlieast it U not alwAji 
eyii I metrical, the Rtrata on its two sides dipping at ditferont degrees of 
inclination, and hcin;;, lieiiide«, often eeparaled by either a croah of 
tho rocko near their turn or by a partial dislocation immediately at 
the asin. 

We*t of Newtown the gi-ncral belt of limestone is traversed for a 
«pace of several miles by a narrow tract of the elate, cansin^ its 
iiortheaHtvm terminaiioo to be in the f»rm of two wedge-shaped 
prong«, one ending near Courser villc, the other about three miles 
north of Nowtown. 

This sontlicantern branch, from the main tract of the limeeton^ 
contnitiB, Wo have reason to believe, a lesser parallel anticlinal axta, 
tho eaiiHC, indeiTJ, of thu olevation of tho limestone along this line- 
Between it and tlio main axis, a little southeast of Swart wout's Pond, 
nil tho roeka have a synclinal arrangement, the belt of slate lying in 
tho middlu of tlio troiidi .if the linipstone. 

Tniolii^ the [irincipal axis of the Paulinskill valley beyond the ter- 
mination of the iinieatone near Courserville, we find it rnnniiig f« 
Bovoral niilus further towards the northeast, uiilil it paesee a little weat 
of Deckortowii, eluvatiiig tho beds of the slate. 

Tlio limestone valley of the PauliTiskill corresponds accurately in 
its guncral physical features witli wbHt is termed a valley of eleva- 
tion. 

lis stra!a having been upheaved along a central anticlinal axis, the 
flurfaco of tho valley is somewhat raised in the centre and depressed 
iiiung both margiiiB, wliile tho oveilying and surrounding strata oi 
slate, 1c«B broken and denuded than the limestone, eiicoinpaeses it in 
n regular escarpment, giving to the whole the true stnicture of a val- 
ley of filovBtion. 

A much broader zone of slate is interposed between the Paalia* 
skill axis and that of the Newtown valley than between this latter 
and the axis of ilie Jcnnv Jump and Pochuck rnge. This is obvious- 
ly tho result of a twolohi cause : the greater interval wJiich separates 
tlio tw.i uortbweslern nxL-s, and the le:^8 amount of vertical elevation 
ill tbe stratii adjoining them, leaving, therefor, bulb a broader a&ti 
deeper syneliual trough in the slate to resist the denuding agency of 
the currents, which have 6ivepl off so targ* a portion of the upper 
strata from tho Kittatiiiny Valley. Between Btdvivere and Culanf 
bia, on tlio Delaware, the tract of slate which is here several miles in 
breadth exhibits numerous local chanj-cs of dip, the result probably 
of asericaof U-sscranticlinal axes, which may traverse this end of the 
belt. The oblique cleavage plans are' so conspicuously displayed in 
this part of its range as to efface very generally all distinct traces of 

tho hue St mti Scat ion, rcuderina the determination of its axes a work 

pfexlronio uncertainly. The simple synclinal etructnre of the 
opposite Newton and Augusta may, however, be readily estabi! 
by a close attention to the true dij> of the rocks. 

Only two other ranges of the lower Appalachian limcslooe b«sii 
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tliose alread; referred to occur within the State. Tliese are the belt 
traveiaing German Valley and ite extension, and the email patch in 
the vallej of Mendbam. Both of these have been prerioiiBlj adverted 
to as occurring in the form of narrow sjoelinal basins, incladed be- 
tween the adjacent ridges of the primary rocke. Tho upheaving of 
tbese latter hj a eeriea of axes of elevation difficult to trace in detail, 
lias manifestly given to the limestone its aynclinal posture in the in- 
tervening valleys where this rock obviously once spread itself over 
naneh wider tracts than at present. 

Igneou€ liocks Connected with Formation II, 

Of the Changes Induced Vpon the Limealone hy Igneoita Action. — 
The blue limestone of the Kittatinny Valley exhibits in certain lo- 
cnlities some highly impressive and remarkable phenomena of altera- 
tion of Btrnctnre, induced by the heating agency of a series of igneons 
iDJectionB. The altered bands of the rock may be correctly gi-ouped 
into two distinct belts ranging from northciist to southwest, par;ulel 
to the general strike of all tne strata in this quarter of the State. The 
more northeastern of these belts occupies at intervals the valley 
which lies immediately at the foot of the Hamburg or "Wallkill Moun- 
tain throughout nearly its whole length, keeping uanallv towards its 
northwestern margin, or near the ba^ of the Pocliuck Mountain, and 
the belt of hills in its prolongation to the southwest, namely, the hilts 
north of Franklin, Pimple Hill, and the hills north and west of Spar- 
ta and Lockwood. 

That farther to the sonthweat commences at the northeastern ex- 
tremity of Jenny Jump, and follows the southeastern base of this 
mountain throughout nearly its whole length, beyond whicli, after an 
interruption of about two miles, it again occurs near Oxford ; and 
further stili, at intervals near Concord and Davidson, wliere it is 
within two miles of the Delaware. Traced longitndinally, the altered 
rock shows itself not so jnach in one continuous line aa in a succes- 
sion of long, narrow, and somewhat detached belts, several of which 
sometimes lie parallel to each other and closely contiguous. 

The northeastern tract first shows itselt at Mounts Adam and Eve, 
in New York, about five miles beyond the state line, and has its 
sootbwestom termination in the neighborhood of Lockwood. Over 
this whole distance, though the altered materia! exhibits considerable 
diversity in regard to the imbedded minerals which it contains, yet 
the main mass ot' the rock or the calcareous paste investing them, re- 
tains to a great extent a uniform character as to color and structure. 

When destitute, or nearly so, of the extraneoas minerals often dif- 
fused through it, the prevailing condition of the rock is that of a white, 
perfectly crystalline limestone. An extreme degree of development 
of the crystalline structure ia when the mass had aasumed the condi- 
tion of rhombic calcareoua spar. It is then often semitranalucent, but . 
more frequently it ia of an opaque white, and occasionally of a pink 
hue, resembling somewhat reddish felspar. These varieties may be 
regarded as the altered rock under its most characteristic fea'nrcs, 




48 



GEOLOGY OF NEW JERSEY. 



and are to be viewed as exhibiting the limit of alteration of which 
tbe limestone hae been sDSceptible h; igneoQB action, where it has 
'beeapure, or consisted of little else than carbonate of lime. When 
of &n<ih aspect and Btructnre the mineral most usually dissemicated 
through it is plumlago in small brilliant plates often perfectly hexa- 
gonal. Besides this highly developed crystallization it presents evei; 
gradation of crystalline strncture down to a finely granular one, and 
even to what may be termed the siibcrystalline coodition, when it I 
often partalieB of the color and texture of the blue limestone oat of I 
which all these varieties have originated. Clouded, veined and spot- I 
ted, by various mineral matters mingled through it, and frequent!; | 
Bosceptible of an excellent polish, it promises to furnish, if attainable 
Iq masses of aafficient size, a material of superior beauty for ornamen- 
tal purposes in architectnre. Yarions foreign minerals blend them- 
selves occasionally through the substance of the calcareous rock in 
every possible proportion, from a few sparse crystals to sacb an abun- 
dance as almost to replace the calcareous matter, which then merely 
fulfils the part of a cement. 

These minerals, several of which are rare in the cabinets of the 
mineralogist, constitute a list, when all are enumerated, of considera- 
ble extent. Those which chiefij predominate, aud which tend by 
their prevalence to impart a certain uniform mineral character to the | 
altered limestone, are ; Ci?n(7rQ(^i^e, or Brucite, in orange-yellow crys- I 
tals; aii^ite, common and crystalized; plumbago, foliated usually in I 
fliz-sided!^ scales; apinelle, often in octohedral crystals; sahHte, and I 
mica. I 

The following catalogue, by Dr. Fowler, of Franklin, who baa zea- I 
lously contributed to draw the attention of mineralogists to this inter- I 
eating region, exhibits a sufficiently detailed list of ute minerals hith- I 
erto discovered in association with the altered limestone : | 

'* FranHinite. — A new metalliferous combination, containing, ac- [ 
cording to Berthier, of oxide of zinc 17, of iron 66, and manganese 16 { 
parts, IS very abundant, indeed it appeals inexhaustible. It com- i 
mences about half a mile northeast of Franklfti Furnace, and eztenda I 
two miles southwest of Sparta, a distance of nine miles. It is accom- t 
panied in this whole distance by the red oxide of zinc, mutually en- | 
veloping each other. The greatest quantity appears to be at Franklin 1 
Furnace. The bed here is about one handred feet high above the ad- I 
joining land, on the west side of it, and from ten to forty feet wide. 
Various attempts have been made to work this ore in a blast furnace, 
bst without success. It frequently congeals in the hearth before time 
is allowed to get it out in a uquid state, in conaequence of a combina- 
tion of ihe iron with tbe manganese. All this dimculty, I apprehend , 
might be overcome, if a method could be discovered of smiting iron 
ore in a blast fui'nace with anthracite coal ; as the Franklinito reqaireB 
a greater degree of heat to cause it to retain its liquid state, tlian can 
be obtained oy the use of charcoal. It occurs in grains, imbedded in 
the white carbonate of lime, and detached in concretions of varioaa 
sizes, from that of a pin's head to a hickory nut ; also in regular octo- 
hedral crystals emargioated on the angles, small at Franklin, but very 
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ect, with brilliant faces. At Sterling, the crystala are large and 
ect. I have one from tlint place tbat meaBurea sixteen inchea 
md tbe base. 

Red, Oxide of Zinc. — At Sterling, three miles from Franklin, a 
Lintain inaBB of this formation prceetits itself about two hnndrcd 
; high. Here, as Mr. Nntlall truly obaervea, the red oxide of zinc 
ms, as it were, a paste, in ^Tbich the cryat^tta of Franklinite are 
ckly imbedded; ia fact, a metalliferous porphyry. This appears to 
best adapted for manufacturing purposes. ' Tbe Franklinite imbed- 
d in the zinc ore here, k highly magnetic, and may be all separated 
■ magnetic cylinders, recently broiigut into use to separate the earthy 
rtion of magnetic iron ore. It was long since observed, tbat this 
e ia well adapted for the manufacture of tue beet braea, and may be 
oployed without any previous preparation. It is reduced withoat 
ly difficalty to a metallic state, and may be made to furnish the snl- 
date of zinc (white vitriol). Bertbier found it to contain oxide of zinc 
S, red manganeae 12. 

" Magnetic Iron Ore. — On the west side of the Franklinite, and often 
rithin a few feet of it, appears an abundance of magnetic iron ore, 
iBnally accompanied by hornblende rock. In some places it runs into 
be Franklinite, which destroys its usefulness; and the largest beds 
ire combined with plnmbago, wliich renders it unprofitable to work 
.n a blooming forge, bat vaTuabo in a blast furnace. 

"The other minerals found in thia district are numerous, rare, in- 
teresting, and several of them new, and not found in any other place, 
but better calculated to instruct the naturalist and adorn hia cabinet, 
than for any particalar nses to wbieli tbey have as yet been applied. 
A catalogue which I have subjoined, designates the minerals as tbey 
occur in each township. 

" In Byram township, considered the south western extremity of the 
white carbonate of lime, occur: Spinelle, color reddish-brown, green, 
and black, in octohedral crystals, associated with orange-colored Bra- 
cite. &ncite of Tarioiis shades, from that of a straw-color, to dark 
orange, and nearly blaok. Gray hornblende, in six-sided prisms, with 
dibearal eniDmite. 

" In tbe Townthi^ qf Hardislon. — At Sparta ; Brucile of a beanti- 
fol honey color : the finest we have funnd is liere. Aagite, in six- 
uded prisma; color brownish-green. 

"At Sterling. — Spinelle, black, green, and gray, in octohedral crys- 
tals. Bmcite of various shades. Rutile ; color steel-gray ; lostre 
metallic, in aoicnlar prisms, with longitudinal striffi. lllentle black 
and white; the white sometimes in octohedral crystals, the lustre 
hrilliaot. Dysluite, in octohedral crystals; color brown externally; 
internally yellowish-brown ; lustre metallic (a new minernl). Ferru- 
ginous silicate of manganese, in six-sided prisms, colour pale-yellow; 
SBSOciated with Franklinite. Tourmaline, imbedded in white I'elspar, 
in sis-sided prisma; longitudinally striated; color reddish brown. 
Green and bluo carbonate of copper. A number of large excavations 
were made at the Sterling Mine for copper, during the revolutionary 
Vir,iiDderan erroneous impression, that the red oxide of zinc was 
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the red copper ore. It was the property of Lord Sterling ; hence ll 
name of the Sterling Mine. Of copper, we only find there a trace 
the groon and blue carbonate, 

"At Franklin. — Spinelle, black and red crystalized. Ceyloiiits 
green .tml blnieh-green, in perfect actohedrons, truncated on the ai 
gles ; Uistre of the brilliance of poliBlied steel. GarnelB, black, browi 
yellow, red, and green, crystallized in dodecahedrons. Silicate 
mangaiiesd, light orownisn-red. Ferro-silicate of manganese, of F: 
feeaor Thompson, and the Fowlerite of Nuttall, light rM or pink, {a 
ated ane splendent ; has mnch the appearance of felspar; la also L 
rectangular prisms. Sesquisilicate ot manganeee, lamellar in seals 
or Biimll plates; color orownisli-black. Hornblende, crystallizedi 
Actynolite, crystallized. Tremolite, crystallized. Angite, cotnnaoi 
Tariety, crystallized. Jeffersonite, common variety, crystallized 
Plumbago, foliated and crjetallized in eix-sided scales. Bracite of 
varioaa shades. Scapolite, white, crystallized. Tourmaline, black 
crystallized, Fluate of lime, earthy and crystallized. Galena, Oolite, 
in small grains about tlie size of a mnetard seed, disseminated in blue 
secondary carbonate of lime. Asbestus, connected with hornblende 
rock. Green beryl. Felspar, green and white, crystallized. Fpidote 
and pink carbonate of lime. Arsenical pyrites. Serpentine, SahUte. 
Goeolite, green and black. Sphene, honey-color, cryatiillized. Qnartt. 
Jasper. Chalcedony. Amethyst crystallized. Agste. Mica, black 
and orange.colored, crystallized. Zircon, crystallized. Sulphate of | 
Molybdena. Phosphate of iron. Carbonate of iron. Steatite, foli- i 
ated, witli yellow garnet. Phosphate of lime cryetalllzed. Pale yel- \ 
low blende, of a foliated structure, lustre, vitreous. I 

"Near ffamhurgk. — An ore of manganese and iron, of a light red- i 
dish brown, very compact and heavy. Aagite and Brncito. I 

"//I the Tovmahip of Vernon. — Green spinelle and Brucite, iu oc- 
toliedral crystals. 

"In, JVfwton Township. — Salphata of barytas in lamellar maeses, 
and tabular crystals, in a vein traversing secondary limestone. Sap- 
phire, blue and white, in rhombs and siz-sided prisms. Red oside of 
titanium. Gray spinelle in large octohedral crystals. Mica, copper- 
colored, in hexattedral crystals. Idocrase, crystallized, yellowish- 
brown. Steatite, presenting the pseud omorphous form of quulz, 
scapolito, and spinelle. Scapolite, in four-sided prisms. 

'■/n Frofnkford Tot»nship. — Serpentine, of a light yellowish greet, 
bears a fins polish, has a glistening lustre and is quite abundant." 

On the Franklin or "Warwick mountain, about four miles east of the 
farnace, are nnmerous beds of iron ore, from which many thoasand 
tons have been taken ; and which still contain a large quantity of the 
best quality of ore, either for a blooming forge or blast furnace. Iron 
pyrites occur here, both in the valley and on the mountain, of a pro- 
per quality to manufacture sulphate of iron (copperas). It also occurs 
crystallized, in cubes, in octahedrons, and aoaecahedrons, frequently 
perfect and highly splendid. 

Following tuo range of the crystalline limestone somewhat more in 
detail, we shall commence oar description of its geological features 
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vhere it first conspicnoiiBlj' shows itself, in the neighborhood of 
A.inity, in New York. Here, and for several miles to the southwest, 
tlie belts of the altered rock occupy a very eonsiderble width, in the 
valley ranging from Mounts Adam and Eve towards Hamburg, form- 
iag a zone averaging, at first, half a mite in breadth, but contractiog 
to two or three hundred yarda. The crystalline material, in its most 
perfect form, does not, however, fill (lie whole space, but occupies 
rather a series of closely adjacent parallel bands, most numorons to- 
'wards the middle and nortbwestera side of the valley, where a chain 
of low, irregular ridges usually contain the limestone in the highest 
state of crystallization. These evidently mark tba existence of a 
series of parallel veins of igneous origin, the intrusion of wbicb into 
the limestone have obvionaly caused its alteration. Between the base 
of the Wallkill Mountain and the crystalline rock towards the mid- 
die af the valUy, we usually meet with beds of the formation which 
evince but a partial smounc of eiiange from the igneous action; the 
limestone retaining more or less of its bluish tint, and presenting only 
a sub-crystalline, or even the ordinary earthy textnre. These less 
altered beds, resting upon the gueiss of the Wallkill Mountain, dip 
towards the nort)iwest. Towards the base of the Pochuck Hill, on 
the other side of the valley, tbe limestone would seem to have under- 
gone a more extensive alteration. Approsuhing Hamburg, the crys- 
talline belt coiitracts considerably in width. About two and a half 
miles northeast of that village, we find it occupying a broken chain 
of long, narrow, irregular ridges of considerable elevation. These 
ranges parallel with the base of the Fockuck Mountain, separated 
from it by a tract of low meadow ground, about tliree hundred yarda 
in breadth. In this belt the altered limestone is in great coDfnsioD, 
the calcareous mattur beinsj mingled largely, in many places, with a 
white friable sandstone, referable, obviously, to Formation I., the po- 
eitiou of which, when it occurs at all, is immediately beneath the 
limestone. The fused calcareous matter seems in some cases to have 
penetrated tbe substance of tbe sandstone. The heigbtof this ridge 
or chain of ridges may be stated to average about two hundred feet, 
the width at toe base being not less than a fourth of a mile and tbe 
length rather more than one mile. Besides the mass of altered lime- 
Btone, the ridges comprise portions of Formation I., together with 
beds of the gneiss, boib in a highly disordered and shattered condi- 
tion, with more than one extensive dike of igneous matter, the immOf. 
diate cause, most probably, of these distnrbances. 

From the confu:iion which accompanies all these rocks, none of 
them can be found, even for a shoit distance, possessing any regular- 
ity of dip. 

The gneiss rocks of tbe Pochuck Mountain, on the contrary, are 
distinctly seen dipping steeply towards the valley to the southeast. 

Tlio most conspiunoua display of the crystalhne limestone is at the 
two extremititis of the ridge whicli lie nearest Hamburg. Between 
these points, towards its central portion, the same ridge contains a 
large well-known deposit of brown or hematitic iron ore, occupying 
itssommit and tides, and penetrating deeply into the body of the hilL 
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Details regarding tliis valuable iron miue will be giTen under 
other head. 

Separated from tbe llamburg belt of altei'ed limestone by a Buar 
of the Wallkill Mountain there exists another band of the cryiitaliM 
rock on the Snnd Pond cicck, about one mile and three-qiiart^s 
southeast of Hamburg. This commences near the southwestern tef^ 
mination of a small knob of gneiss, 

Though highly crystalline, the limestone Etill retains considerable 
regularity of stratification dipping towards the west northwest at so 
angle of twenty degrees, being well exposed in aqnarry, (the propertf 
of Wm, Edsal!,) where it is need for making pure lime. It is white »na 
highly crystalline, and contains disscminatea scales of graphite. Tbk 
lire of altered rock ranges southweatward nearly to the turnpike, ani 
is met with again on the road to Sparta, abont half a mile beyond 
the turnpike. 

Between the small knob of gneiss above spoken of, and the Wall- 
till Mountain, to the southeast, wo meet with another deposit of brown 
or hematitic iron ore a little beyond the tennination of the crystallfoe 
limestone, none of which, however, is discovered near it. This ore 
will be more minutely described in another place. 

To the northeast of this altered belt we trace another, occupying 
the northwestern side of the Mine Hill, east of the Wallkill stream, I 
lone narrow point of primary rocks, extending from Pimple Hill tO 
■within about three miles r.f Hamburg. Not far from iho nortbeait 
termination of Pimple Hill, and near the old Franklin fnrnace, wb 
encounter, in the northwestern side i^f Ihe Mine Hill, next the vallejr 
of Wallkill, a narrow belt of common gneiss rock, dipping as usaal, tO 
the aontheast. Hcposing upon this, with a comformable dip, ia seen ft 
highly interesting mineral vein composed of impure magnetic trv* 
we, FranJdinite, Garnet, Jt-ffersonite, and several other crystnlUiu 
minerals, blended, especially near the borders of the mass with tlw 
crystalline limestone, moch darkened and changed from its ordioaiy 
appearance, by the amount of combined mineral matter; machof 
this calcareous portion of the vein is prevaded by small granular 
crystals of the franklinite. The whole vein has a tiiickness of Bev«- 
rat feet. 

Immediately east of this metalliferous vein, there rests, in the malil 
body of the hill, a broad belt of the white crystalline limestooe^ 
preserving its original, rather sleep, aonthenatern dip. The positioa 
of the vein here, is therefore, as in the mnjority of instances ia tlie 
r^on, intermediate between the primary strata and the beds of 
altered limestone, which, nolwiihstanding the partial fusion tciA 
intense heat to which it has been subjected, still furnishes distiiiGt 
traces of its lines of deposition, 

Towards the eastern declivity of the hill, the crystalline rock 
vails in considerable pnrity, though it ia often very free from for 
admixture?, even adjacent to the metainfurous vein. Inthislal 
position, however, it is more frequently mixed with quarts, fel^tar, 
sahlite, auffite, hornblende, and a great variety of minerals, some of 
which are common ingredients in the primary strata of the coantlj; 
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In the quartz, and near its contact with the limestone, green apindl ■ 
occurs. 

The occDirence of BO maDT of the minerals which are coQStituenta 
of the &iioimog pritnary rocks, both in the intrusive vein itself, and 
in the neighboring portions of the altered limestone, is a fact of no 
little theoretical interest, as it leade us directly to views tending to 
explain aatis&ctorily the seTeral sonrces of the namerons and varied 
crystalline minerals found connected witb the changes effected in the 
limestone. 

At the snmmit of the ridge there is a seam of quartz rock, preaent- 
ing some indications of its occarring as a vein in the white limestone. 
Ita nature and origin cannot bs proved, for it may be a vein of mine- 
ral matter strictly introsive, or one of the beds of chert, so common 
in the limestone, or a portion of Formation I., completely fused by 
contact with the intensely heated metalliferous vein. The confused ar- 
rangement and varied aggregation of the altering and altered materials 
at w.ia place, render it next to impossible to trace the trae relationship 
subsisting between some of the parts comprised in this cnrionsly 
hetrogeneoQB belt of mineral matter. The vein, in its coarse to the 
southwest, nndergoes a considerable change in ita character. About 
two hundred yards southwest from the place already mentioned, it 
appears to consist almost wholly oigta-net rook and JejereoniU, some 
ot the latter occurring in enormous crystals, projecting from the face 
of the rock, but BO fisured and readily broken as to render it difficult 
to procure them entire. 

Further still to the southwest, and nearly opposite the Old Forget 
are considerable excavations made in former times for iron ore. Toe 
ore was far from pure, abounding in Franklinite ; which by the 
manganeee and zinc contained in it serioaely interfered with the con- 
version of the ore into iron. This ore includes, moreover, a consider- 
able portion of the red oxide of ^nc, in some places remarkably pnre, 
being finely lamellatted and unaasociated with any of the F'ranHinite 
that generally accompanies it, and which interferes effeotnally with 
its redaction into metallic zinc on the large scale. 

Gould this pnre red oxide be obtained in sufficient qnantity, it 
would probablv be better adapted for smeltins into zinc than the 
mixed ore of tne Sterling Mine, three mites further to the southwest 
IThifi somewhat rare ore of zinc, the crystalized red oxide, occupies in 
company with the crystallized ^Franklinite, a metalliferous vein, or 
more probably a line of nearly continuous veins, in the crystallized 
carbonate of lime, extending with occasional interruptions, the whole 
difitance from Franklin to a little beyond Sparta, a total length of 
more than eight miles. 

The catalogue already presented, compiled by Dr. , Fowler, of 
Franklin, supplies a nearly complete list of the other minerals found 
in thiB part of the igneous and altered zone of rocks. 

From Franklin we may trace the white crystalhne limestons oon- 
UnuoDa to Sterling, about three miles to the soath-west. 

Hera we find it lying in contact with a remarkable vein, consisting 
exclDsively of FranKlinite and the red oxide qf sine; the former in 
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cryBtaUlne granules, often approaching the ochtohetlralfiirm', 
by a paste of the zinc ore, which frequently constitutes moi 
one-half of the maes. The position of this vein is on the east 
clivity of a hill of considerable elevation, wliere it occupies the 
intermediate relation to the <rneis8 and crystalline limestone 
was mentioned of the vein at Franklin. 

At Sterling, the nietallicr viin, where it is visible at the Bnrflu& 
rests -with a sleep south-eaet dip, i:<yiifomidhlij upon the steeply- d ippinj 
beds of gneiss, rising in the form ot a bold cliff or wall along I he siA 
of the hill. Against this wall of ore, and at the base of the hill 
pose the beds of the white altered limestone, presenting unecjuivoai 
traces of its original planes of stratification, showing the sedimeDtsi} 
origin of the rock. It obvionsly dips at the fame inclinHtion of froB 
fleventy to eighty degrees to the soiith-eaBt, with the vein and tk 
gneiss upon which it lies. 

Tlie metalliferous vein is from eight to ten feet in thickness, sctl 
coneiets of no other minerals but the Frwnklinite and ore of zinc; 
From its exposed position on the flank of the liill, the ore ci>nld b* 
excavated to an ftlinoBt indefinite extent, with a facility unusonl in 
the history of mining operations. Zinc, of an admirably pnre qnalitf. 
has been prepared from this ore by Mr, Httz, under the directions tf 
Mr. Hasler, lor the maniifftcture of the brass for the standard M'ei^ili 
and measares now making by the latter scientific gentleman for the 
Beveral cnstom houses of the United States, by order of Congresi. 
An eoonomiciil method for the separation of tlie zinc from the Frank- 
Unite in this ore, still remains, however, a desideratum lo practJctl 
metallurgy. 

Between Sterling and Sparta, the belt of crj^talline limestone U 
traceable, with but little interruption, nearly the wiiole distnnce, 
affording, in some places, specimens of n variegated marble of nu- 
comnion beauty. It follows the eastern base of Pimple Hill to th* 
BOQth-western termination of that ridge, and then appears nearly ui 
the same line at several points on the west of the gneiss hills, westi^ 
Bparta, and also within a few hundred yards of the town itself. ^B» 
narrow valley embraced between those hills and the Wallkill Hoiia- 
tain, on the south-eaat, is in the immediate neighborhood of Spli^ 
and for some distance sontb-west, occupied by the unaltered tAt 
limestone, dipping usually towards the north-west. - 

About a third of a mile north-west of Sparta, the white crystalllfel 
limestone crosses the turnpike road. This is one of ihe prindpU 
localities whence mineralogists have supplied their cabiuels infll 
specimens of condrodite or Brucite. A better locality, however, niiy 
be seen on the west side of the hill, about half a mile further nortli, 
where another exposure of the white crystalline limestone aS'ords 
crystals of the Brucite and gray fpinelk-, in an abundance and of a 
quality far siirpaseing those of any other spot yet discovered in this 
vicinity. At the same place might be opened inexhanstiblt; qiiarri» 
of variegated and pni'e whito marble; some of the former piomiMDg 
to be, if polished, of uncommon beauty. Care should be obsenroi^ 
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in establishing qnairiea in this rock, to choose those pArts of the belt' 
least shattered by the action to which it has been exposed. 

^Between three and four miles sonth-west from Sparta, on the north- 
■west side of a low ridge of gneiss, we find a very iutereating locali^ 
of the altered limestone, very nearly in the prolongation of the belt 
which passes along the south-east base of Pimple Hill. Tliis spot is 
romarkable, leas for the extent or brendth over which the limestone 
has been affected by igneons action, than for the strikingly convincing 
evidence which it affords of the nature of the changes induced in the 
calcareous rock, by the series of igneous veins and dykes which we 
have been tracing. The ridge itself, along the side of which the 
limestone has been altered, consists chiefly of a tliinly-bedded mica- 
ceoua gneiss. Through the summit, or rather on the north-weatem 
flank, which is often abrupt and rugged, there rises a thick granitic 
dyke or vein of very hoterogeneous composition, supporting the 
steeply-dipping beds of gneiss, whose usual inclination is at an angle 
of eighty degrees to the south-east. The vein, though variona ia 
character, and somewhat difficult to describe, owing to the im^)eifectP]r 
developed natnre of its minerals, and there complete interfusion, m«y 
be characterized as consisting, in the main, of mica, in large excess,. 
quart3, carbonate of lime, /"elspar, and augtie. It contains aptnelle^ 
sapphire, and green talc, besides several other minerals less distinctly 
crystallized. 

When we consider the highly micaceous character of the adjacent 
gneiss rock through which the matter of the vein mnst have passed 
in reaching the surface, and the abundance of the mica, especially of 
the brilliant golden variety found so plentifully, not only in it but in 
the adjacent parts of the altered limestone, we cannot resist the im- 

Sression that a portion of the primary strata along the aides of the 
ike have been melted and incorporated into it, floating, in combina- 
tion with the other materials, to the surface. 

Immediately npon the western eide of this curious vein, and rang- 
ing along the base of the hill occurs the narrow belt of altered lime> 
stone. The gradation of chnnge which here exists between the bine 
and earthy limestone, and the white crystalline rhombic spar, is dis- 
tiactly traceable as we approach the igneous dike. In a breadth not 
exceeding fltty feet, we discover every degree of modification whicti 
the rock can undergo by heat. The first intimation which the lime- 
Btone gives us of its having been subjected to the igneous agency, is 
its passage from the ordinary earthy texture to a subcrystalline one. 
We next behold a slight change of colur to a lighter tint of blue, and, 
at this stage of alteration we notice the first development of the gra- 
phite, as yet seen only in small bnt very brilliant scales, wliich are 
oftentimes hexagonal. Very soon the mass becomes mottled with 
white, minutely granular carbonate of lime, the spangles of graphite 
growing progressively larger. Approaching still nearer to the dike 
Uie whole rock assumes tlie white sparry character, and contains near 
the line of contact, besides tiie grajmite, several of the numeroua crys- 
talline minerals of the vein iiselt. So completely has the injected 
matter of the vein been mingled in many places with the fased snb- 
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9 diBtinct line of demarcation is 
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Stance of the limestone that 
ble between them. 

The seriea of changes here described may be considered as ^ 
Bentiug the phenomena in every instance where superficial depoidl 
have not concealed the vein, the bine Hmestone, and the interoiodiili 
altered belt. The locality above referred to is dwelt on iu detail, ohic^f 
because it furnishes a disliiiut exhibition of each sncce^sive Btaj^ a 
the change. The gradation is not more complete at this place tfaa 
near many other dikes, but it is better exhibited within a email am 

The invariable occuiTence of the graphite in portions of the alteni 
belt remotest from the dike, and its never existing in mom than i 
very trivinl quantity, even adjacent to the vein where tlie other ai- 
traneous minerals are frequently present in great excesB, strongly j»- 
ply that it has been derived from tlie elements of the blue UmesUW 
itself, which nsay easily be proved to contuin an adequate quanti) 
of iron and carbon for the production of this mineral. 

It is not a little cnrious that in some belts the altered rock coni 
the mineral condrodite, in a precisely similar relation aa to the di _ 
of crystallization of the mass, and proximity to the vein of igoi 
matter; that is to say, when it first appears in the portions of 
crystalline bolt remotest from the line of injected mmerals, it " 
email imperfectly developed nuclei, which grow larger and 
formed as we approaeh tlie quarter of more mtouse igneous 
but which, like tlie crystals of graphite, usually remain but epi 
disseminated through the rock. Showing a strong analogy in its 
of distribution through the snbatance of the white limestone, to 
nuclei or geodes of epidote and other minerals seen in the red all 
where these have been baked and altered by the intrusion of dlk< 
healed trap, the condrodite seems to claim a corresponding origin, 
that generally attributed to the epidote, which is regarded as dwj^ 
in theae cases, from the conatitiients of the rock itself. To trace 
source cf the condrodite upon this hypothesis we have only to 
ceive that the injected mineral matter, in an igneous state, was poi 
ed through fissures in a limestone, possessing, what ia very comi 
B siliceomaguesiaQ character; and the well known tendency to 
production of specific mineral combinations, in a mass whose par^' 
are in a state of at least semi-fusion, and therefore free to obey 
several afiinitiea, will readily explain the formation of these losal 
crystalline nuclei. The mineral conrodite contains about 5i 
of magnesia, with about 3S per cent, of silii^a, besides trivial pro] 
tions of oxide of iron, potaak, fluoric acid, and water. These angj 
tions respecting the origin of the condrodite, recuive support from 
fact, that this mineral ]>revails in its usual uniform and modi 

firoportion through considerable ranges, longitudinally, of the all 
unestone, even where not immediately contiguous to the injt 
veins, while in other parallel zones of the cVyetalline rock it is all 
wholly absent. Thus, in the chain of sparry limestone which stret 
at intervals from Sparta towards Lockwood, we find it almost 
stantly present, though never but in moiJerate quantity. 

From several chemical analysis of the sparry, rhombic varietiv 
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the rock, contaioing only graphUe, and of tbe white, irregnlar crjBtal- 
line kinds encloeing the conrodite, we have Btill more conclusive 
eridence tending to settle this interesting point, 

Beentning onr progress towards the soutu-west, we next meet trith 
a SDccession of detached ridges of the altered sparry limestone, in the 
TfiUey hetween the Wallkill Moantain and the primary ridees sonth- 
west of Sparta ; the latter tract of gneiss aeparnting this oett from 
that preTionsly described. These ridges fii^t appear nearly fonr miles 
Bonth-west of Bparta, at the extremity of an extensive meadow, and 
range towards Lockwood. They are four in nnmber, the ahorteet 
being abont one hnndred yards long, while t)ie longest exceeda one- 
fourth of a mile. Their width is between two hnndred and three 
hnndred feet ; tbev occupy one general line ; bnt between their 
eztremitiea is aBnally a space of from half a mile to a mile of primary 
strata, whose prevailing dip is towards the sonth-eaet, thoagh under 
circomstancee of great irregularity. 

The white altered limestone of'^ these ridges is rather in the condi- 
tion of an amorphons crystallization, than in the form of rhombic 
spar. Snch is the case at Franklin and Lockwood. It is in fact a 
coarse, grannlar, white marble, imbedding many of the rare and 
beantifm crystalline minerfUe fonnd at Amity and Franklin ; we may 
mention SruciU and ^een smntUe of uncommon purity. 

Notwithstanding the prodioious extent of igneous action to which 
the limestone has been evidenUr exposed in these belts, manifested by 
the width of the space over which a total modification of the rock has 
been effected, we still discern a very distinct stratification, the beds 
dipping steeply towards the aonth-east. 

Jn the same line with this series, and abont one mile and a half 
further to the soatb-weet, osanre another somewhat sliorter belt of the 
altered limestone, a little beyond Lion J^ond. The length throughout 
which the limeetooe has been modified does not exceed two hundred 
or three hundred feet, and the width of the belt is not considerable. 
The locality is nevertheless an interesting oue, for we find well exposed, 
within a tract not more than a fourth of a mile wide, first, the primary 
strata on the south-east, then the sandstone, F. L, next the blue llme- 
.stone, F. 11. passing into the sandstone, and assuming near the pas* 
aage a clear reddish hue, and lastly, the belt of altered limestone in 
contact with a small ^evated hilt or dike of felspatbic sienite, the 
cause of the altered structure of the calcareous rock. All of tbese 
stratified masses, the gneiss, the sandstone, the blue limestone, and 
the white oryBtailine belt, dip alike towards the north-west at a gentle 
inclination. 

Oraphite is here prceent as nsaal in the calcareoos mass ; which 
besides contains other minerals. 

Portions of the altered rock are coarsely crystalline, though other 
parts of it are more minutely granular. A variety which is variega- 
ted with numerous bine shades of plumbaginous mineral, might 
evidently, from its susceptibility of a good polish, be employed as an 
ornamental marble. 

Between the sienitic ridge here spoken of, and another lyiw 
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distance to tlio nortb, there occnra another smaller belt of the a 
liine?lone, deeply buried between tlie primary rocks. At thi: 
some eiilliusiast in seirch of mineral trea'inrt'8, expendej at a for 
day no inconsiderable amount of lime and labour, iii excivationi 
silver ore in the sparry limestone. 

West of the last mentioned point may be seen, bi- the side of] 
ther l^ond, anotlier still more unimportant exbibition of the alt( 
sparry rock, not deserving of a special description. 

Near Lockwood, not fur out ot tbe frener.ii line of the larger b 
or ridgo3 of the cryst;illioe limestone already treated of, we ci 
npiin anotlter band of the calcareous rock which has undergons al 
ation. Though of rather local extent, this spot is deserving of atl 
tion, if only for the perfection in which we here behold the tram 
cent rhombic spar, into which the blue seilimentary limestone 
been converted by the agency of heat. Disseminated through 
spar, we find the graphite sometimes in regular hexagonal pla 
half an inch in diameter. From a large rhombic crystallization, 
calcareous rock graduates to an amorphously crystalline limestone 
a white granular marble. 

e portions of tlie mass, especially those having the more higl 
developed crystalline character, include, besides the graphite, seve 
minerals, as Brucite, mica, talc, quarts, and p-een spinelle; tJia ffl 
being in some cases so abundant as to imply, probably, its derivati 
from the contiguouB gneiss rocks. 

While aUudmg to llie vicinity of Lockwood, it may be mention 
as an interesting locality ot granular and crystalline augite. So 
of the beds of the gneiss, in this neighborhood, being traversed 
bands of a deep-green talcose mineral, pervading a mass consist! 
chiefly of lighter colored felspar, would furnish a building mateii 
of very beautiful appearance. 

Having now described, in sufficient detail, the numerous bands 
altered limestone, comprehended in tbe one general belt of igceo 
action, which strotclies in a nearly straight direction from befoi 
Amity, in New York, to its south-western termination, near Ani^oT 
Forge, a little beyond Lockwood, I shall, in the next place, enter n^ 
a more brief account of the shorter, but no less interesting bolt, whu 
pursues the sonth-eastern base of Jenny Jump. 

As in the instance of the altered rock, near the easfern foot of P" 
buck Mountain, the beds of the white crystalline limestone of Jew 
Jump do not lie against the flank of the hill itself, hut belong to 
separate low narrow ridge, or rather series of ridges, parallel wil 
its base, but at a distance, sometimes, of a few hundred feet. TbB 
■ 'jes consist in part of the altered rock, and in part of a successit 
of intrusive dikes of what, from its peneral aspect and composjl"" 
may be termed a sienite rock, but which cnntaius, besides the ordion 
ingredients, various other minerals, as epidote, 8erpentine, mduralt 
talc, compact steatite, and jade. In sohjc places tiie white limestM 
is wanting, having been evidently removed by denudation, asm 
cated by the rolled fragments occasionally met with in the adjoinm 
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plain. Bnt, even where it is absent, we observe the uanat narrow 
rid^ with its pecnliitr dike of hitcmgencoiiB mineral matter. 

Towards the north-eastern end of tne belt, about two miles Boatb- 
west of the road whicli leads to Long Biidge, the road parallel with 
the base of tlie monntain mna in a little narrow strip of meadow be- 
tween the dike, which here shows a nearly vertical wall, and a Becond 
parallel email ridge, rising immediately on the Bonth-east, and which 
is composed of the sparry limeBtone and alteri-'d chert, dipi>ing at the 
steep inclination of eighty degrees towardi the sonth-esBt. The ridge 
on the north-weat of the road, containing the dike, would seem to 
include, besides a bod of the altered limcBtone, Laving a distinct dip 
at tbiaspot to tlie north north-east of seventy degrees, eeveriil mag- 
□esian rocks, as serpentine, greenish Jade, Sauasurite, and indurated 
tola. 

The primary rocks in this vicinity, in the baae of Jenny Jump, 
display marks of the most violent diBrnntion and compression of their 
strata, exhibiting an nnusnal number oi intmsive dikes and veins, in 
which, as in those immediately affecting the limestone, we notice a 
remarkable diversity of mineral composition. The conatitntion of 
the dike, or chain ot dikes, directly in contact with the altered lime- 
stone, thongb variable, is essentially different from that of the igneous 
veins, distarbing in a parallel line the primary strata at the base and 
on the side of the mountain, being characterized by a predominance 
of the minerals of the msgnesian class. 

We have evidence that the limestone nt one time spread itself ex- 
tensively along the base and slopes of Jenny Jnmp; for, not only do 
we find, on the sides and even summit of the mountain, scattered 
blocks of the stratum and its included efiert, in considerable number 
and size, but we observe traces of its having undergone fusion and 
incorporation with the materials of some of tbe dikes and veins before 
alluded to, at. the sonth-eastem foot of tbe monntain. Though the 
white sparry rock is no longer visible there in mass, its materials, 
both the carbonate of lime and the commonly prevailing graphite 
and condrodite, are frequently mingled in variable proportions with 
the minerals of the intrusive veins. This incorporation of the altered 
products of the blue limestone, its calcareous »par and its graphite 
and condrodite, is much more intimate and more extensively seen in 
the ridges to tlie southeast, where the regidar belt of the altered rock 
in contact with the igneous vein has resisted denudation. 

Northeast of the locality to which the above descriptions have been 
principally confined, the belt of white crystalline limestone nins fora 
distance of between two and three miles, forming in some places a 
tr<ict of consideritble breadth. In some portions of the line the alter- 
ing rock is a dike of greenstone, of a close grain and extreme tough- 
ness and density. 

About two milea to the southwest of the place first mentioned, and 
near the road wliich crosses tbe mountain going from Hope towards 
Backetstown, we cross the crystalline limestone at a point about a 
mile to the west of the little village of Danville, not far from the 
sonthwest extremity of the Great Meadow. At this locality tlie r'*"^ 
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has &BsiiDied a somewlint unusnal color and aspect; the carbonm 
lime, which cbieflj constitutes the niasB, being in the conditioE 
rhombic spar, whose tint very muuh resembles that of ordinary ; 
dish felspar. The presence in some parts of the rock of nuntei 
Buiall crystals of greenish augite, with occasional scales of gra-p}. 
and even of dark ini^a, impart to the whole mass n very marked 
semblance to certain varieties of granite, in which a pink felBpai 
the prevailing mineral. An inattentive glance at the rock will le 
the traveler deceived as to its nature. 

The igneous actions affecting tlie lim'estoue display their ordin 
phenomena at intervals fur several miles still further towards 
southwest. 

A small belt of the crystalline rock is traceable in the prolong** 
of the general line, occupying a spot a little to the southwest of 
email lake called Green's X'oud, and not far from the southern ter 
nation of Jenny Jump. 

We .igain find it In the same range along the northwest bafiA 
Scott's Mountain, in two unimportant bands, the last which we ( 
covered in the State. One of these occurs between the little villa 
of Oxford and Concord, and the other still further to thu soalhwi 
near Davison's Mill, which brings us to withiu one mile of tho I> 
ware river. 

I have been thns full in describing tlte siup;ular phenomena of 
diiced crystallization, caused in tho limestone by igneous agency, a 
in endeavoring to trace to their several sources the varions exl 
neous minerals which accompany the alteration, from a persuasioD 
the interesting relations of the whole subject to the important d 
trine of the metaraorpliosis of rocks. 

The great tliickuesa thronghoiit which the limestone has undergi: 
B most thorough crj stall izntion from the heating agency of the dii 
which traverse it, and the curious hiw traceable in the devolopmi 
of some of the mineral*, which appear in the light of segretions (h 
elemo'ita contained in the limestone, afford unquestionably stro 
support to the theory, which assumes that gneiss and other prima 
strata have once been sedimentary rocks, converted by an extremt 
intense and wide spread igneous action into a universally crystalli 
state. 

Respecting tho question of the probable date at which the minei 
injections occurred which have BO singularly modified the structo 
of^lhe adjacent limestone, we can merely hazard some general co 
jectures, which rests rather upon analogies than upon a foundation 
facts. 

Euonomical Helations of F. II. 

Perhaps of all the rocks in the State, the formation whose geoio° 
cal structure we have now described, is that which is most exteuatv 
ly and variously applicable to the useful purposes of life, 

{a.) Among its several important uses we may advert in the fij 
place to its adaptation as a building atone. The great readiness wi 
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■which it may be quarried, the faoilitj with which it may be shaped and 
cnt, its agreeable color, and, above all, its strengtU and almost perfect 
indestrnctability by atmoBpheric agents, unite to recommend it in the 
constmction of dwellings, barns, pablic edifices, and the strnctnres con- 
nected with civil engineering, snch as locks, bridges, and aqtiedncte. 
Xamentahle inattention, however, is frequently displayed in the c 



9 frequently displayed in the choice 
of tlie material for these purposes, varieties being selected which require 
an rmnecessary amonnt of time and care to shape ; and which, after an 
exposnre of a season or two to the atmosphere, assume a rusty tint, in 
consequence of containing too large a quantity of oxide of iron. To 
avoid the former of these defects, it la only requisite to examine 
closely the form and textnre of the freshly fractured surfaces of the 
rock, which should generally split with a smooth, even somewhat 
conchoidal fractnre, and present to the eve a very regular and close 
grain, with a clear, uniform, and decided tint, either of gray or 
grayish-blue, or blue. To detect the presence of an injurious propor- 
tion of the oxide of iron, calculated in course of time to stain the 
exposed surface of the rock, one of the readiest and simplest methods 
is to reduce a portion to powder, moisten it with a little water, and 
add a little pore muriatic acid. The existence of oxide' of iron will 
be made apparent by a brownish tinge, seen while the material is 
dissolving. 

(S.) Another highly useful purpose to which this rock is often applied, 
is in ibe constmctiou of McAdam roads. As a road stone, to be employ- 
ed where tbe intercourse does not require a very heavy draught, it 
is at once the cheapest, most readily procured, and easily brokea 
material accessible to the very extensive and important districts, not 
merely of New Jersey, but of the Middle States. Much judgment, it 
is believed, may be displayed in the selection of those kinds which 
will prove the toughest and most difficult to abrade under the wheels. 
Those posseBsing a subcrystatliue textnre, and a rough, irregular 
fracture, especially when they contain a certain amount of silica and 
oxide of iron, I have usnally conceived to be the best adapted to 
endure attrition. A little practice with the hammer, will soon enable 
as to ascertain approximately, tbe kinds likely to prove most suitable. 
{c.) Marbles. — The great calcareous formation which we have 
described, is characterized by several varieties which are fairly enti- 
tled to the name of ornamental marbles, when we consider their 
fineness of grain and susceptibility of a delicate polish, combined with 
their several soft and pleasing shades of color. 

Among the beds which pass ordinarily by the name of limestone, 
we meet with porlions nnitmg the requisites of textnre with tbe most 
beautiful and delicate tints ; some are of a very pale-Ww* approaching 
io white; others are of a dun-color ; while some are gray and blue 
marblts, delicately moltied, veined and shaded. In tne Mcndham 
Valley, a variegated pinkish color is associated, in a few cases, with 
a textnre deemed sufficiently fine to admit of a good polish. The 
whiU cri/staUine mar^^s of tbe altered belts have been already spoken 
of. Thepure white and granular kinds, seen in many places around 
Franklin and Sparta, and further to the south-west, would afford, if 




fullj quarried and jiolislied, a Biiperior marble ; wliUe the cloiide 
kind, such bb we find near Long Pond, miglit Le procured ia ver 
beautiful varieties. The |reeence of the pale-yellow Bracite, in eoaa 
very wliite portions of the granular ruck, would constitute a be&nt 
rattier llian a defect. OtLer portions of this altered rock arc in soni 
places delicately arborescent. 

A variegated greenish marble, siisceptilile of an excellent poliBl 
occurs, connected with eniall injected veins of serpentine, nea 
Augusta, adjacent to tlie aniiclinal axis t'f the Piiolinekili Vallej 
It has all the characters of an ornamental marble, tlie r^ck beinj 
penetrated in all directions by little veins of serpentine of a l^glit ani 
darker green, ciingling with the mass of the rock eo as to impart to i 
numerous beautiful shades. The occurrence of minute briglitly yellon 
cubical crystals of aulphurei of iron in some parts of the mass, ii 
calculated to lieighten rather than impure its beauty. A cbangt 
seems to have been induced in the texture of the rock by the intra 
sion of the serpentine, nearly effacing its original marks of stratifica- 
tion, and causing numerous irregular cross joints. 

This creates some little difficulty in quarrying it, but if tbe excava- 
tion wiTu attempted on & larger scale for tbu purpose of finding for 
this marble a regular market, tbe rock could be procured in lar^t^ 
and better shaped pieces than at present. It does not show more 
liability to irregularities in the quarrying, than such rocks iisaally 
exhibit. 

Cfiaracter of the Lime for Mortar and as a F'eTtUi2ing Agent. — 
The lime from different portions of Formation IL possesses varioQB 
degrees of excellence for mortar. 

Two piiocipal species includo nearly all tbe varieties of this rock, 
however they may differ in point of color and aspect. Tiic lirat of 
these is composed chiefly of carbonate of lime, (he extraneous ingre- 
dienls being oxide of iron, Bonietimes a little oxide of manganese^ a 
little vegetable or animal organic matter, and waler. The seootid 
kiud, besides all these several conelituenis, contains a large proportioD 
of carbonate of inagneeia, from which it derives peculiar and impor- 
tant properties. 

Those beds of the rock which possess, as I have already described, 
a clear decided tint, especially any shade of blue, and a euiootli, 
sharp, even fracture, and close, line grain or texture, will yield, almoet 
invariably, a pure white lime, admirably adapted fur making common 
mortar; liut wliich is destitute of the property of hardening under 
water. Some very dark varieties furnish a beautifully white and 
pure lime, the coloring matter cons'sting of bitnminoHs substancee, 
which are entiiely consumed in the process of burning. Such lime- 
stones are apt to emit a disagreeable fcetid smell, when broken or 
strongly nibbed. 

The tnagneaian limestones constitute a very important portion of 
the formation befoio us. Until my brother, Prolessor W]lliam B. 
, of Virginia, first analyzed tiiese rocks, which he has done 
exteTisively and systematically, as ihey occur in that State, their ex- 
istence was hardly recognized, much less thtir ri^maikable abundanoQ. 
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My own reeearcbes, made in Pennsylvania and New Jersey, confirm 
the fact of th« magnesiao character of a large portion of this great 
limeatone formation. 

Their economical valne as hydraulic cements, very recently BBcef' 
tained to be dependent npon the presence of the magnesia, gives 
additional interest and importance to the derelopement of these 
extensive beds. 

No certaia guide can be given for recogniziDg the magnesian 
varieties of the limestone, as only the eye of an experienced observer 
will detect those nice shades of aspect, which denote the presence of 
both the alkaline eartlis. The best general criterion, is a certain 
dullness in the appearance of the snrface, even when freshly broken, 
and the absence of that fine smooth grain, distinctive of the pure 
TarietieB of the limestone. 

The recently discovered general fact, already allnded to, that the 
property of forming a hydraulio cement depended upon the large 
proportion of oarboruUe of magneaia in the limestone, was first hinted 
at by M. Yicat, of France, and since confirmed by an extensive series 
of analyses and experiments, carefully condncted by my brother, not 
only upon specimens of the formation as it occurs in Virginia, but 
tipon other limestones of New York and Kentucky, the detaib of 
■which were submitted to the public in his annual report on the geo- 
logical survey of Virginia, fur the year 1838. He there demonstrated 
tliat the magneaia is invariably a prominent ingredient in all the 
limes which readily set under water, while the other constituents, 
silica, oxide of iron, and allumtna, seem not to bo essential, being 
variable, and most usually existing in comparatively minnte propor- 
tions. His researches tbns far made, woald indicate that in the 
specimens yielding an active hydraulic lime, the average proportion 
of the carbonate of magneaia to the carbonate of lime is about three 
to five. 

la corroboration of these interesting and useful results, I here 
present several analyses of the maenesian limestones of New Jersey. 
After determining accurately the chemical composition of each ipeci- 
meQ, a portion ot tlie same mass was carefully calcined, made into 
cement, and left to repose nnder water, the progress and extent of 
the liardening being ascertained by an instrument, devised by a 
French experimenter for that pnrpose. The more highly magneeian 
variaties proved, in every instance, good hydraulic cements. 

Analtsh. 

_ Slue Limeatone from lafayette, Susaex county. 

Description. — Color, bluish gray ; texture, close-grained and sub- 
crystalline. 
Specific gravity. — 2.838 at a temperature of 66 ® Fahr. 
Compoeition. — In 100 parts : 
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Curbonato of lime, - 53.04 

Carbonate of magnesia, - 41.0i 
Aluinina and peroxide of iron, 0.96 
Insoluble matter, • 3.24 

Moiature and loss, ■ 1.72 

100.00 

BluB Limestone, Johnaonburg, Warren courUtf. 

Description.— G<:)\oT, liglit bluieU gray ; textnre, slightly sail 
talline. 

Spe^fio gravity. — 2-837 at a temperature of 59o Fabr. 

Composition.— In 100 parts : 

Carbonate of lime, 

Carbonate of magnesia, 

Alnmina and peroxide of iron, 0.73 

Inaolnble matter, - 6.2 

MoiBture and loss, - 0.72 

100.00 

Blve Limestone near Anderson, Musoonetcong Valky, Wtu 
Coimty, 

Descriplion.—Color, dark bine; texture, very fine graioed and com- 
pact ; fncture sligbtly oonchoidal. 

Specific gravity.— 2.M7 at a temperature of 58o Fahr. 

Compoaition. — In 100 parts: 

Carbonate of lime, - 53.59 

Carbonate of magnesia, ■ 41.58 

Alumina and peroxide of iron, 1.38 

loBotuble matter, - 3.44 

Moiatore and loss, - 0.01 

100.00 

Tills ia aaid to Iiave been employed as a hydraulic cement with 

COBB. 

Blue Limestone south of the Paulinskill, on the road frmn Jfewton 
to Swariwout'a Pond. 

Description. — Color, light bluish gray; textnre, moderately cl<*6 
grained ; aspect, somewhat dnll and earthy. 

Speaijic granyity. — 2.833 at a temperature of 54o Fahr. 

Compo^tion.—ln 100 parts : 

Carbonate of lime, - 54,95 

Carbonate of magnesia, ■ 33.99 

AluimoU and peroxide of iron, 2,10 
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iDBoloble mater, 
Moiatare and Iobb, 



7.45 
1.51 



100.00 



Slue Limestone, Sdeketstoton Valley, Warren Couniy. 

j)tion. — Color, doll blnisli gray ; texture, moderately close 
grained, and elightly subcrystalUne ; nas intenperaed veiDB of calcar- 
eous apar. 

Specijio oravity. — 2.831 at a temperatnre of 69o Fahr. 
Compoattion. — Id 100 parts: 

Carbonate of lime, - 50.23 

Carbonate of magnesia, • S7.1S 

AlDmina and peroxide of iron, 0.68 

Insoluble matter, - 9.93 

Moisture and loBS, - 2.08 

100.00 

The above five analyses refer, it need hardly be said, to Formation 
n., which will be found, I doabt not, upon an extensive examination> 
to be more often magnesiaa tban purely calcareons. 

Having shown the carbonate of magnesia to be an abnndant iugre- 
dient in many of the limestoaeB, the lime of which is used among the 
farmers of those districts for asaietiDg the fertility of the soil, it may 
be of some service to the agricnUnral interests of the State, to en- 
deavor in this place to correct the generally prevailing impression, to 
this day widely propagated by writers, of the injurious action of mag- 
nesian lime upon the Hind. It is now clearly established, that a large 
proportion of the lime employed by the farmers of the sontheastem 
comitiea of Pennsylvania for a long series of years past, with such 
eminent benefit to the permanent fertility of their soils, is withont 
their being aware of it, highly magnenan. This is of itself enough to 
refute the popular prejudice upon this subject. But the analyses above 
mven of a number of those of New Jersey, of well known repute as to 
uieir agricultural fitness, will enable the taimers of Warren and Sns- 
I sex counties in particular, to judge of the merits of this question for 
themselveB, by uniting with tne chemical results here presented, their 
own agricnltnral experience. While the evidence from experiment 
I and trial now brought forward, goes conclusively to show that the 
msgnesia cannot be poisonous to the crope, agreeably to common be- 
lief, it still leaves an interesting and useful question undetermined, 
whether the magnesia is merely inert, or whether, like the lime, it 
exerts an actively fertilizing influence upon the soil. 

Nothing short of a series of agricultural experiments, judiciously 
planned and perseveringly conducted, aided by chemical analyses 
performed upon the limestones used, can settle this important econom- 
ical inquiry. Alive as our farmers are becoming to the inestimable 
ntiUty of calcareous manures, it most soon prove to them a msitter of 
5 
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interest, to ascertain whether the ntagnesia, coDBtitadng ofteu ma 
than 40 per cent, in the lime which they spread, is really saliitaryi 
wholly JnopLrative. 

Tlie wliite erystalline limestoDC of the altered helt, especialki 
Sussex cininty, recnmmends itself strongly for it« purity and irhil 
ness, particularly that procured from the more perfectly rhomli 
variety. 

It has long been made into lime near Hamburg, from whence tli 
material has been transported over the Hifflilanda to the towiiti 
Paterson, Newark, &c., commanding, at times, as high a pricei 
one dollar per bushel. This is admirably adapted for the finer kiid 
of masonry, by tlic wliiteneae of the cement which it yields; andili 
especi.illy fitted fur making the hard finish for walls and cornice fforl 

In the neighboihood of Lockwood there occurs a fine exposnrtd 
the cyatalline limestone, in a belt already described. This beii| 
wiihin abont three miles of the Morris canal at Stanhope, where tlien 
is a ready transportation to Newark and other towns wliere Hmeisii 
demand, the business of biirniDg the stone is beginning to invite sit» 
tion. The pure rhombic eomitranslacent variety, which is, to agrtit 
extent, free from magnesia, and capable of producing, when pro^ierlj 
burned, a lime of superior excellence and whiteness, is here in greil 
abundance. 

The annexed analysis will show the composition in 100 parta'of tlii; 
limefltone. Specific gravity, 2.719: 

Carbonate of lime, - - 95.86 

Ciirbunate of magnesia, ■ - 1.93 

Alumina and peroxide of iron, • 0.61 

, Insoluble matter, ■ - 0.07 

Moisture arid loss, • - 1.53 

100.00 

It is a matter of snqjrise to the traveler, that, along this whole 
range, where the sparry limestone is so accessible, and where woodi> 
comparatively cheap, so very little has been done by the iuhabiiwts 
of the region in mannfac'uring lime, either for transportation to tli! 
ready rouiket of New York, or for home consumption, as a fertiliii"? 
agent of inestimable value to the soil. Over tlie whole of the Kitli 
tinny valley and its branches, in New Jersey, the importance of linii 
in agriculture has hitliorto been singularly overlooked. Alon^ tlie 
Mnaconetoong and German valleys, the practice of limeing hasot Utt 
years become a common one : but ihroughont a large part of So^ 
and Warron counties, where the circnmstancea are especially favorable 
for its general introduction, it remains but little attended to. J^^ 
example of Hie south-eastern counties of Pennsylvania should convin* 
the people of New Jersey, that, upon nearly aU aoiU, wliether tbej 
lie immediatclv ovtir the limestone rock itself, or over the elate, « 
belong to the sandstone and primary rocka of ihe hills, or to the d«f 
loams of the river flats, tije application of lime properly inaDBge<^i 
leads to sure aud permanent benefit. 
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The magnesian character of some of the white crystalline limestone 
deserves attention, as it is probable that the rock will prod nee a 
hydraulic cement. Should the qnestion of the comparative inertness 
or efficiency of magnesia in agricalture be definitely settled, it may be 
of importance on this account to know its composition. 

By an^lysia, I find that the white irregnlarly crystalline, or some- 
'^bat granular kind, which abounds near Sparta, and between that 
plac% and Lockwood, and which is so apt to contain insulated crystals 
of Brncite, is decidedly magnesian, as the following results will show : 

.Analysis c/the White Chanidar Limestone of ^arta, Sussex countjf. 

Description. — White, opaque, coarsely crystalline, or saccharoidal, 
containing crystals of Brncite and graphite. 
Composition. — In 100 parts : 

Carbonate of lime, ■ - 82.85 

Carbonate of magnesia, - - 15.15 
Silica, Alumina, Oxide of iron, 2.00 

100.00 

Of the Pond Mali connected with the Zimestone, Formaiian II. 

At several places in the limestone districts of the Kittatinny valley, 
-nre meet with a material which is identical with tbe Zt^e Marl of 
Snrope, occnrrtng around the shores and in the beds of small lakes or 
ponds, and throughout some of the swampy meadows of Sussex and 
Warren conntioB. This useful deposit is only found wfaere the water 
ia copioosly impregnated with the carbonate of lime, and hence it 
occurs only witnin, or immediately adjacent to, extensive limestone 
ctrata. It would seem to owe its prodnction, in part, to a chemical 
precipitation from tlie water ; in part, to the decay of myriads of 
small testaceous animals, of the species uanally found inliabiting cal- 
oareouB waters, which, secreting the carbonate ot lime to snpply the 
material of tlieir shells, generation after generation, accumulate it 
from the water in great abundance. The ponds where this deposit 
occurs present a rather singular aspect, being fringed with a broad 
white beach. 

Analysis of a Fresh Water Marl, from a pond four miles from 

Ifewton. 



Description. — Light ash color ; pulverulent. 

Composition. — Iii 100 parts: 
Carbonate of lime, 
Carbonate of magnesia, • 
Alumina and peroxide of iron, - 
Insoluble matter, 
Organic matter, moisture and loss. 



90.22 
1.91 
0.61 
3.13 
4.13 

100.00 
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In consequence of the pecniiar appearance derived from this 
posit, two or three of the ponds containing it are called on the t 
White Ponds ; for instance, two ponds west of Pimple Hill, in i 
eex ; tiie more northern one being, however, incorrectly so tern; 
as the marl is confined to the other. There is also another jx 
about one mile north of Markshoro', in "Warren. These, ho'wever, 
not the only deposilories of this uecful eubetance: I enninerate 
following as ite localities already ascertained: AVhito Pond, near P 
pie Hill; a pond near Brighton ; Slickles Pond, two miles south 
Newton ; a pond a mile and a half northwest of Andovc-r ; the TVl 
Pond near ifarksboro'; a pond at Stillwater; and some of the an 
ponds and marshy grounds in tlie neigliborbood of Hope. 

Tlie marl likewise occurs in a marshy meadow to the northeast 
La Fayette, and again near Peter Merkel'e, in the same range. C 
sidering the well-tried value of this material in Europe, its in)portai 
to the agriculture of the districts which possess ir, and its ahnndai 
in tlie two upper counties of the State, it seems truly strange that 
application to the adjoining soils should hitherto have heen aim' 
entirely overlooked by the fiumerg, 

A material so easy of access, demanding no preparation to snil 
for the soil, and unquestionably so efficient wlien judiciously applif 
ought to be extensively used. Though much neglected until recei 
ly, tills useful substance ia beginning to attract attention to its vali 
ble properties as a manure. Ample evidence ia furnished of its fert 
izing agency by experience in Sussex county, oven if we had not tl 
testimony of many districts of Europe in its favor. It should be tikf 
from the pond or low grounds where it abounds, and drawn to son 
convenient place to remain in heaps exposed to the air for sever 
months. By this exposure it becomes dry and pulverulent, and ie m« 
to mingle with the soil more uniformly than when in its recent W 
condition. 

Brown or Jlematitic Iron Ore. — Next to the limestone itself A 
most useful mineral which belongs to this formation in New Jert^ 
is the brown or hematitic iron ore. Though much less extensively <)' 
fused than in other parts of tlie same great valley, further to the sontl 
west, this ore, from its excellent properties, is to be regarded 88 
valuable addition, recently discoverea, to the mineral resources of it 
State. 

The main deposit, moreover, is interesting, both in an coonomici 
and scientific light, on account of its great extent, and the singul' 
geological circumstances nnder which it occurs, 

Ab already mentioned, when describing the ranges of the allew 
white limestone, this large accumulation of the ore occupies JBi 
summit and slopes of a narrow ridge of the sparry rock extendinj 
parallel with the Pochuck Mountain, at a small distance from its base 
The situation of the mine is about two and a half miles nortb-east o 
Hamburg, chiefly upon the western declivity of the hill. Very liw' 
rock is visible in the immediate vicinity of tlie ore, which exists u 
tlie concretionary state, imbedded in a highly ferruginous elayoj 
loam, which displays the utmost variety of color, texture and comp'*' 
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eition, being mottled and streaked with claje of all shades, white, 
yellow, red and brown. The ore distributed irregularly throughout 
this mass, presents no less diversity of aspect, thongh it alt belongs to 
one epeciea, denominated brovm iron ore. It occurs massire and 
cellular and sometimes fibrous, also in a mamillary and botryoidal 
form, and is often bo hard and compacL as to require blasting. The 
■workings are generally dry. The earth in some portions of tne mine 
gives evidence of resulting from decayed felspar and the other coneti- 
tnents of the adjacent gnuiss rock, and contains beside much ^um- 
do^o in a disintegrated and pulverulent state, clearly indicating that 
the dissolution of the crystalline limestone has been iu part at least, 
the cause of tliis large accumulation of ore. 

The mineral is of excellent quality, yielding a much superior iron 
to ttiat procured from the magnetic ores of the adjacent primary 
dietricls. The facility with which it may be smelted in blast furnaces, 
compared with the magnetic ore, is another great recommendation; 
and when we consider that the latter, by the usual process of reduc- 
tion in bloomery forges, requires from six hundred to eiglit hundred 
bushels of charcoal to produce a ton of malleable iron, while this ore 
may be brought into the condition of cast iron by an expenditure of 
not more than two hundred bushels, costing between five and six 
dollars per hundred bushels, we are still furtlier impressed with its 
value. 

Though but five or six years in use, this ore has already become 
rather extensively worked, being not only smelted at a large furnace 
recently erected near Hamburg, but hauled over the "Wallfill Moun- 
tain, a distance of twelve miles, to Clinton Furnace, and a still greater 
distance to Ryerson's Furnace, near Pompton. 

Another mine of similar brown iron ore, discovered rather before 
that in the rid^e near Pochuck, lies about a mile and three quarters 
east of Hamburg, above the iunctinn of two email streams called Sand 
Fond and Mud Pond creeW This deposit, already alluded to, is 
embraced between the primary rocks of the base of the Wallkill 
Mountain and a small knob of gneiss a little west of it, and lies only 
a short distance from the northern termination of a belt ofwhitie 
crystalline limestone, the disintegration of a portion of which, once 
occupying this little valley, may possibly have been the source of 
the ore. 

The present excavation is only abont 140 feet long, 40 wide, and 40 
deep. The deposit of ore was first brought to light, a few years siace, ' 
' ID emking a well. 

Oiriug to the occurrence of much diluvial matter over the surface 
of the narrow valleys which embrace the altered limestone, it is 
highly probable that considerable bodies of the ore exist where few or 
no indications at the surface betray its presence. The prevalence of 
the mineral near the white limestone, under circumstances that 
imply it to have come from a rather extensive dissolution of that rock, 
hoIdB out a prospect of finding it in other localities besides the above. 
The explorer should carefully note the signs of the removal of the 
altered limestone, by denudation or solution, in spots where the nro- 
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dacta of its Jeetruction would, from tlie features of the groiim , , 
mo6t likeij to reiiiBin in their asaal form of k deep loamy, ferrnmnft 
deposit. Such places ■will be the broken slopea ot' hilla and the oasu 
in the centre of confined vftlleys. 

Hematitic brown iron ore occurs occasionally, though not in eitei 
Btve deposits, in the liraestnne valleys between Schooley's and Scott 
Monntains. It has been found for example, tlioiij^h in rather hmnbl 
qnantities, very pme, between MaTisfleld and Anderson villages, nc 
far from the Morris canal. It exists likewise in more abundance! 
connection with the belt of limestone which forms the valley of tin 
Delaware river, between Eelvidereand Easton, having been excavatei 
to some extent in the vicinity «f Foul Rift. Much of the ore in thi 
neighborhood belongs to the highly valuable stalactic Viiriety usuftllj 
denominated pipe ore. 

Respecting the geological position of ihe brown or hematitic inw 
ore, we may give it as a general rule, admitting of no exceiitioo ifl 
New Jersey, that it abounds only in the higlily ferruginous soils, 
which eitlier immediately cover this limeatone formation, or which lie 
closely adjacent to it. In Pennsylvania and some of the other Statei 
sneh are not its invariable relalions, as several of the other rocks of 
the older secondary Ecries present us with extensive deposits of the 
Bsme species of ore. 

Sulphate of Barytes. — West of Newlon about two and a half miles 
there occurs a narrow vein of the sulphate of harytea^ the diniensioni 
of which, where it has been explored, appear to be too inconsiderable 
to render it an object of profit. It is crystalline and of a pretty pure 
opaqne white, and hns been met with in two separate spolscoutigDOiB 
to each other. The locality is near the disturbed anticlinal axis of 
the narrow belt of blue limestone, immediately northwest of the main 
range of slate next northwest of Newton, being removed from tlia 
principal Faulinakill tract of limestone by a narrow intermediate syn- 
clinal zone of slate. 

Upon the site of one of the exeavations made Eome years since for 
this mineral, a very absurd mining project was uudertaken, not to 
procure the sulphate of barytes, which, if abundant, might repay lie 
miner, but in the futile hope of revealing a mine of silver. Every ui- 
fbrmed geologist or scientific miner would pronounce at once, from 
all the mineral indications here present, and from the nature of tlii) 
and the other rocks, that snch attempts at mining for the precioo* 
metals in these strata are likely to prove wholly abortive ; neverthe- 
less a shaft sixty feet deep and at a cost of two thousand dollars hu 
already been dug. I deem it my dnty to state, that I could discover 
in this mine nothing that seemed to contain a trace of silver, or any- 
thins to justify the anticipation of finding it, 

The barytic mineral has become of recent years a substance of con- 
siderable demand in commerce, from the rather extensive use noff 
made of it by the manufacturers of white lead, many of whom !)»«" 
been driven by the spirit of competition to mingle it in a finely le^'" 
gated condilion, in a greater or less proportion, with their msnufiw- 
tured article. This adnlteratiou, if such it can he called, would eeftD* 
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not to affect materially the intereBte of the consniner, ae the mineral 
appe-ars rather to dilate than injure BerioiiBly the qnalitj of the whita 
lead, ■while the rednction in the price will compensate, or nearly bo, ■ 
for the somewhat increased quantity of the paint which it becomes 
necessary to employ. 

SECTION m. 

Of the Slate of tht S^Oatitmy YaOey, FomuUion III. 

Geographical Range of the Formation. — Having adopted the bb^ 
I cending order in this deecription of the rocke of the ancieot Secoudary 
or Appalachian Bystem, the next stratnm which presents itaelf, r^os- 
ing immediately on the limeatone, is the slate of the Eittationy Val- 
ley. This rock, as already intimated when tracing the axes of ele- 
vation in the limestone, ranges in several long and narrow belts, the 
limits of which were specific while treating of their position in the 
synclinal tronghs embraced between the npheaved zones of the lime- 
stone. Extending onr present enumeration to all the several belts 
within the State, we have now to inclnde, with those alladed to, the 
principle tract of ttiat region which occupies the northwestern side of 
the Kittatinny Valley, thronghont its whole length across New Jersey. 
Tracing the limits of these different ranges with as much minnte' 
nesB as the pni-poses of a general description render necessary, we 
shall begin, as nsual, with tnose which lie farthest towards the eonth- 
east. 

The first is that narrow belt at the Wallkill, about three miles 
northeast of Deckertown, which mns soathwcstward, pRBsiog about 
a mile northwest of Hamburg, and a little sontheast of Harmony vale 
and Lafayette. It terminates about two miles southeast of Newton 
in a narrow point. This low ridge of the slate is in many pieces not 
more than a fourth of a mile in width, while its length is about four- 
teen miles. It owes its position and form to its occnpying the long 
Sndinal axis included between the anticlinal axis of Pocuuck and of 
Eirmonyvale. Its beds dip from each margin at a gentle angle to- 
warda the centre of the tract. 

Proceeding to the southwest we meet two other narrow bands of 
elate, nearly m the prolongation of that already mentioned. One of 
these commences a little east of Keading'e Pond, and extends, passing 
directly west of Greenville, almost to Smk Fond. The other lies in a 
parallel position at a short distance to the northwest, tlie two being 
separated by a narrow valley of the limestone, where that formation 
has been elevated along an anticlinal axis. Each of these little belts 
of slate takes the form of a low synclinal ridge. 
- Another somewhat larger belt of nearly similar breadth, commen- 
cei at Johnsonburg, and ranges past Hope, where it deflects a little, 
extending to the vUluge of Beaver Brook, near which it terminates. 
Like the other corresponding tracts, it has the form of a low, narrow 
ridge, bounded on each side by limestone, which dips beneath it, 
placing it in the middle of a synclinal trough. 
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The next tract of slate, though in the general Bynclioal arrang^mwi 
of its strata reaembliDg the others, is one of far greater extent. E ' 
its Bonth-east and north-^est margina have Eeeii already deti.'i' 
■when tracing the borders of llie limestone, but for the sake of comic 
tion we may briefly recapitulate them here. Beginning at tt» 
Wallkill, near the New York State line, the south-east bonndarycf 
this tract of slate runs to the sonth-west, passing near Deckerton 
»nd north-west of Uarmonyvale, Newton and Johnsonburg. Here it 
■deviates more towards the west, nntU U passea the Free Cbarct 
1>etween Centreville and llope. There it deflects to the sonth, passiif 
Beaver Brook, and running thence in a south-west couree, reaching 
the Delaware a little above Belvidere. The north-western houndszj, 
b^inning on the Delaware near tlie mouth of the Pauliuskill, pDraui 
the southern side of that stream to Gravel Uill, near which it crosw 
it ; recrosBing a little east of White Pond, it thence extends in i 
north-east direction for several miles to a point about three miltf 
nortli of Newton. Here it unites with the south-east margin of* 
narrow belt of the formation which follows the course of the Paulii* 
kill for several milea. Beyond, where this smaller tract joins tJi« 
principal one, the boundary which we are tracing proceeds to tHe 
north-east, again passing to the sonth-east of Augusta, and termini- 
ting near Coursenville, where the whole zone of slate south-east <rf 
the Panliuskill merges in the still more extensive one which foUon 
the b:ise of the Blue Mountain. 

The south-eastern edges of this north-westernmost tract, beginsiitf 
at tho Delaware, aboat three fourths of a mile above Columbia, pursues 
the north-west side of the valley of that stream to CoursenviUft 
passing north of the littlo vilhige of Walnut Valley, and nortli-westot 
Swartwont's Pond. Uniting witJi the former wide belt at Coui«ett- 
ville, the two tracts beyond that point have for their Bouth-esstew 
limit the bonndary already traced, which passes near lIarmony?sl6 
and Deckertown to the Wallkill. 

The base, or rather the south-eastern dank of the Blue MonntUHi 
constitutes the general north-western boundary of tho whole sUM 
formation of the valley. Near tho Delaware the common limit of ttti 
slate and the overlying sandstone of the mountain is seen at a mods- 
rate elevation above its base ; hut in Sussex, between Culver's 0)$ 
and the State line, the slate rises upon the eastern slope of the riw 
almost to its summit, giving a fertile soil to the side of the monntt& 
and presenting, in a long line of cultivated farms, a landscape fullw 
pleasing and picturesque beauty. 

Composition and structure of Vie rock. — The ordinary character of 
the third formation of the Appalachian system, as it prevails in Nw 
Jersey, is that of a dark, bine argillaceous slate ; it is, however, v«J 
various, both-as respects its color and composition. It occurs in \eit 
of almost every hue, black, blue, dark gray, bluish gray, dingy oliv^ 
dull brown, and even sometimes yellow. 

It exhibits every grade of relative fineness and coarseness of testnBt 
from that of the tineneet grained rooflng slate, to that of a rongb 
argillaceous sandstone. 
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A.t its jnnctioD with the Bubjflcent limestone, its beds are often 
almoet bUcb, and moreor less calcareous, while the contignone upper 
layers of that rock partakes in some degree of the argillaceotia coinpo- 
sitiou and etractare of the slate. Near its upper limit, in like manner, 
"whereitaDd the gray sandstone of the monotaiii are in contact, it 
acquires a somewhat arenaceous texture, and in certain layers passes 
to a gray argillaceoaa sandstone. 

Nearly air parts of this extensive forniation, which is evidently of 
very great thickness, present that highly cnrioaa feature of structure 
denominated cleavage. This remarkiTble tendency of the mass to split 
iuto tLi:i plates by planes of cleaverage, which preserve a uniform 
direction and inclination over extensive tracts, independently of all 
variations in the texture of the rock, and of all changes in its dip, is a 
feature which belongs to many of the ancient slate rocks, both of the 
old and new continents; bnt in few regions can it be studied on a more 
extensive scale than in tlie Eittatinnv Valley, where it is visible for 
a great distance on both sides of tlie Delaware river. While the 
beds of slate throughout a large portion of the north-western belt dip 
towards the base of the Blue Mountains, or to the north-west, and 
wliile those of the next great zone to tlie south-east, especially near 
the Delaware, have been disturbed by an anticlinal axis giving them 
both a north-western and south-eastern dip, the planes of cleavage are 
observed to maintain invariably a south-eastern, or more properly, a 
southern inclination, which is nsnally between forty degrees and sixty 
degrees to (he horizon. Their strike, or the line formed by their inter- 
seution with a horizontal plane, is; therefore, far from coinciding with 
the prevailing strike of the strata themselves. And it is not a little 
carious, that tliia law, of a nearly south-southeast direction in the dip of 
the cleavage surfaces, holds true, not only of the slate, but of all the 
contiguous formations of the series, except the coarse sandstone and 
conglomerated rocks of the monntaiu, affecting the softer variegated 
alislea, bedd of limestone, and olive-colored slates of the still higher 
rocks, which occupy a breadth of many miles to the north-west. But 
its vast extent is more particularly seen when we trace the formations 
in thoir longitudinal course along the Kittatinny Valley, where we 
may behold the cleavage planes preserving their south-eastern dip, 
with scarcely an interruption the whole distance from the Hudson to 
the Potomac, and indeed to far more distant limits in both direciions. 
The theoretical discussion of the interesting problem, thg cause of 
this truly curious general fact, would be out of place in a work like 
the present, restricted, as it is, to the description of a comparatively 
Bmatl tract of the extensive region over which this pheaomenoa 

Srevaile. Bnt a hope is cherished, of my being able at some future 
ay, to connect it with views concerning the elevation of our primary 
chain and tlie neighboring axes, sustained by facts, and a train of 
reasoning which may afford, perhaps, a satisfactory solution of this 
apparently obscure enigma. 

The occurrence of workable roofing slates, is connected with the 
presence of tho^e cleavage planes. Hitherto they have been discov- 
ered only in the belt which ranges near the baseof the Blue Moantain, 
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having never been fonnd of eiifficient parity but in the vicinity of ths 
Delaware liver, near the Water Gap. 

The largest quarry is en the west side of (he river, in Pennsylvania; 
a einaller one, _\ieldiiig both roofing and writing slateB of excellent 

3iiality, lies nearly opposite, on tlie eastern side of the river, in Ne» 
crsey. In botli of these quarries, tho true di|) of ihe ro.ck is towatto 
the west-nortliwest, at an anglo of about tliirty degrtes. This it 
detected by the inclination of tlie numerous thin layers or ribltona, of 
a different cohr from tbe rest of the rock, marking the sedimentary 
structure and the true planes of deposition. The dip of the pUtut 
denoting tlie cleavage is towards the south south-east, at an aTenurt 
angle of fifty dejireee, except where it is utfected in the Pennsylvami 
quarry by a small fault, which, traversing a part of tlie slate, not on^ 
causes a local deviation in the dip of the stratum, but an alterstioD ia 
that of the cleavage also. 

Several favorable circumstances of structure uml position, nnit 
combine to adopt any portion of the formation to ijeing quarried far 
loonng Elate with success. 

Tlie rock must be of a fine, uniform and compact grain, as free it' 
possible from all crushes or contortions of the stratum, cleaving wift' 
facility into thin phites in one direction, and breaking with dimcnltf 
in every other. It ehonld be exempt, moreover, from aulphuret^ 
iron, which is ofttn found finely disseminated in the colorea seatM « 
ribbons, and which upon exposure to moisture, soon cauBes a wpM' 
disintegration of that portion of llie mass. Tfie quarry shoald b» 
situated, if possible, where a small rivulet of water may be conducteil 
over the rucfc, to preserve it in a moist state, in order to render it inoff 
easily and evenly cleaved. 

In splitting and trimming the slates, care ia taken to reject tbl' 
colored ribbon?, lest in course of time, ihey should undergo decoBl' 
position. 

It is somewhat curious, that while the belt of pure slate betweM 
any two of these ribl-ons is almost perfectly uniform in texture an^ 
qnality, there often prevails a sensible difference in the reapecls 
between two adjacent belts, though only separated by a ribbon of > 
slightly different color, less than an inch in thickness. It merelf 
marks a difference in the composition of the sediment, before tnii 
after that which furmed the more heterogeneous ribbons. 

Inferring from the highly cteavable condition and firm grain of 
mnch of the slate of the bell at the foot of the Blue Monutain, fw 
many miles east of the Delaware, it would seem not improbable, thrt 
a minute examination of the stratum fur roofing siate, might I*- 
rewarded with success iit more points than one. ~ 

Except the highly useful article just alluded to, the formatloo 
scribed would appear not lo present us with materials of much * ' 
est, as respects their economical applications. 

Of iron ores, tliis formation has been found to exhibit very few 
dications in New Jersey, while of olher minerals either useful OT 
rions, it would seem to be equally destitute. 

Some of its lets argillaceous s^mdstone beds appear adapted to 
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ordinary purposes of a building Btone, bat cftre ia reqnieite in the se- 
lect ion, as too large a share of argiUaceons matter leads to a dissolii' 
tion of the rock by the froat. 

The aoil over this formation ia nenally rather meagre and of inferior 
fertility, yet it ia Bnsceptible of remarkable ameltomtion from the ap- 
plication of lime, which, throaghont the whole length of the Kittatin- 
ny "Valley, raay be procnrred at a distance rarely exceeding four or 
five raiks from the remotest parts of tlie slate districts. 

Gray Sandstone of (he KiUtUinny Mountain^ Formation IV. 

Geographical Ramge of the Formation. — Resting immediately opon 
the great slate stratum above described, with a comfortable north- 
western dip, there is a thick series of hard and maasive gray sand- 
stones, occasionally having the coarseness of a qnartsose conglomerate. 
These rocks are confined to the long, narrow, and nearly straight 
iDonntain ridge, remarkable for its steep flanks and almost perfeotly 
level snmmit, called the Kittatinny or Bine Mountain, which crosses 
the coanties of Warren and Snasex from the Delaware Water Ga[>, to 
near Carpenter's Point, bnt which, in the form of a nearly conttnn- 
ons monntain. reaches from within a few milea of the Hadson, near 
Kingston, to Camberland county, in Pennsylvania. 

Unlike the somewhat gradnal transition witnessed between the slate 
and its subjacent limestone, the passage from the slate, which occu- 

fiies the lower half of the eaatem slope of the monntain to this over- 
ying sandstone, is abrupt and everywhere well marked. Cropping 
out in many places in a bold and rugged escarpment along the upper 
part of the southeastern side, it forms the rough bnt level snmmit of 
the ridge, and usually aboat one-half of its northwestern slope. 

The relative posiiion of this gray sandstone to the overlying red 
sandstone and shale formation of the northwestern flank, and to the 
underlying slate, and the conformable dip of all these rocks towards 
the northwest is well exhibited in tliat fine natural gor^e of the monn- 
tain, the Water Ghd of the Delaware. Here the entire strnctnre of 
the Hdge is exposed, showing the gray sandetone rising in bold gna- 
denr from the waters's edge to the crest of the monntain, an elevation 
of about fourteen hundred and fifiy feet. The ridge preserves this 
height with a remarkably straight and even summit for many miles 
in both directions from the river. This levelness apd perfect straight- 
nees of the monntain top, the regularity of its grand escarpment on 
the enst and the striking uniformity in the general dip of its strata, 
gnggeets the remarkable equality in the intensity and direction of that 
force from below, which uplifted from their deep bed under the waves 
this ponderous mass of rocks. 

Composition and Structure. — The gray sandstone formation of the 
Kittatinny Mountain consists of a thick series of hard, white and 
whitish-gray siliceous rocks of various degrees of coarseness, from that 
of a fine grained pare sandstone to that of a qnartoze conglomerate of 
tbickh set pebbles, averaging half an inch in diameter; these several 
varieties are found interposed in frequent alternations, though the fine 
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gramed sandstones mo3t abound in the upper half of tlie strati 
while the conglomerates prevail to rather greater amount in the low«r 
division. In the vicinity of the Lehigh river, in Pennsylvania, tlie 
main deposit consists of pebbles, often of great size, which compoiB 
the lowest beds of the formation, resting in immediate contact witli 
the subjacent siate. 

From the SuBC[uebanna river to the district of the Lehigh and I>els- 
ware the formation would appear to augment progressively in thick* 
nees and general coarseness of composition, being only about .four 
hundred leet thick near the fii-st river, and almost two thousand feet 
at the Lehigh ; but advancing from the Water Gap of the Delaw«rt 
towards the Hudson it a^ain abates somewhat in thickness, retaining 
however, its full proportion of the white quartzose conglomerates. 

Upon examining the composition of the rock, it wjII bo found to 
consist of rounded fragments in the condition of sand and fine graved 
derived from the primary rocks lying south-east and cast of it, and in 
part from the three inferior older secondary formations of its own 
group, ranging parallel with it in the Kittatinny Valley. Among 
these materials we occasionally meet rounded pebbles of the flint or 
chert, characteristic of the limestone, thoagh nooe of tlie aofW 
carbonate of lime itself; also small flattish fragments of tlje directh 
underlying slate rocks. 

These constituents of themselves imply thatsome great disturbance, 
of the shores of the Appalachian sea must have taken place suddenly, 
interrupting the deposition of the slate, and giving rise to a series of 
new and more violent currents, sweeping into it a coarser class of 
materials from the neighboring land and from the freshly risen 
aedimonts which now form the Kittatinny Valley. But on this inter 
eating point we are not left lo inferences derived merely from (he 
nature of the rock : for towards its north-eastern termination, we find 
this formation, as we approach the Hudson, resting uncoiiformahlj/, 
with a gentle dip to the north-west, upon the upturned and contorted 
beds of the slate, _ giving unequivocal proof of the violence of the 
Bubterranean actious which attended the commencement of thii 
extensive sandstone deposit. Whether the lower formations of the 
Kittatinny Valley emerged entirely above the waves at tltis epoch, in 
the tract which they now occupy in New Jersey, is a point open to 
doubt, though there exists strong evidence for believing that over 
some portions of their range at least, further to the north-east, in the 
neighborhood of the Hudson and beyond it, they were thus uplifted. 
The general augmentation in the coarseness of the materials of the 
sandstone formation, as we advance from the Susquehanna towards 
the Hudson, would tend to confirm the opinion, that in this latter 
quarter the disturbances which ushered m this /owiA ^pocA of the 
ancient Bccondary period had their greatest energy. 

The gray santfstone of the Kittatinny Mountiun is the only rock trf 
the whole lower secondary group within the State, from the limestone 
of the eastern side of the valley to the limestone of the olive elate 
formation skirting the Delaware in Sussex county, which exhibL 
none of the oblique cleavage planes so conspicuous in Formation ~ 
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Its maasire beds are traversed by joiota, haying the same dip and 
strike, and attribatable, probably, to the Bame orima. . 

Its qaartzose materials and coarse aggregation nave probably inter- 
fered with its aseumine this structare on a mtnttter scale. It may be 
given, indeed, ae an almost aniversal rnle, applicable to the whole 
range of the Appalachian rocks, that wherever this cleavage prevails 
extensively, it shows itself in the sandstones on a scale commensarate, 
as to distance between the planes, with the thickness of their beds 
and their coarse arenacoons character. For even in these coarser 
strata, though the divisional surfaces are three feet and more asunder, 
they preserve their regularity and constancy of direction, and tbeir 
parallelism to the slaty cleavage of the argillaceous parts of the series. 

OROANIO BEUAINS. 

The relica of organic life imbedded in this great sandstone forma- 
tion are singularly few, if we except two or three interesting species 
of marine vegetation. These belong to the tribe of extinct seaweeds 
called /uooiaes. The principal varieties are the /ucoides £rong- 
niartit, and the /ucoides Al^kaniensis. The cli& in the middle of 
the gorge of the Delaware Water Gap exhibit fine specimens of the 
former, covering with a beantifnl reticulation the faces of the white 
sandstone beds over many square yards of surface. The latter species 
abounds where the formation alternates in its upper layers with the 
lower beds of the overlying red sandstone. Properly considered, it 
is a fossil more strictly characteristic of the latter rock, being confined 
in this alternation of tbe formations chiefly to the red layers. Hitherto 
I have discovered but one fossil of the animal kingdom in tbe rock of 
the Kittatinny Mountain. 

Tbis is a small speciee of terebratola of a nearly spheroidal form, 
found as yet in few places, and chiefly in the uppermcst beds of fine- 
grained white sandstone. Tbe tnrbuent condition of the cnrrents in 
the earlier periods of fhe general deposit, wonld seem to have inter- 
fered with tne mnltiplication of animated races on tbe sandy bed of 
that ancient unquiet sea. 

EOOHOmCAL OBOLOQT. 

The white and light gray sandstonea of this formation seem, from 
their durability and the regularity of thoir stratification, to be well 
adapted to some of the purposes of a building stone, though their 
great hardness, and the difficnlty in shaping those rocks, must restrict 
tlieir usefulness chiefly to those objects where very massive or rough 
structures possessing great strengtn are intended. 

The white quartzose conglomerate of this range in Ifew York, is 
used for making mill-stones, which consist each of a single block. 
They are principally made at Esopns, the rock being taken from that 
part of the Kittatinny called the Shawnnkunk Mountain, where the 
quartzose conglomerate is in great perfection. It is reputed to be 
well adapted lor the purpose. Aa strata of the very same aspect 
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and comptisition occur abuDtiantly on ihe nortli-western Hank oftU 
mouDtain in varions poriione of its range through Sussex, little donbt 
can be entertained that were the meana of traneportation as coDTcnieti 
RB at £s'>pus, thia application of ihe conglomerate would claim stteit 
tion in New Jersey. 

Tbronghoiit this State the foi'ina'ion before ua is singularly dosti'tntt 
of uaefol ores or minerals. In a liigh valley, a little north-east of tlu 
Delaware Water Gap, between tlie two ridges which here form liit 

fenerat sumtnit of the mountain, a small body of Terj ezcelleal 
icmatitic iron ore has been found, not showing, however, any indict 
tioQS of an abundauce. 

^ed Sandstone aJid Shale of the north-weaUrn base of the KUtatimV) 
Mountain, Formation V. 

Geographical Range. — Immediately overlying the formation joit 
deeciibed, and occupying; tlie valley at the norlli- western ba^e of ihe 
same mountain, upon the flank of wliich it sometimes rises to a consid 
erable elevation, occurs a tUick end aomewljat varied forniBtioo, 
coDSiBting of red and vaiiegated sandstones and shales. 

The general range of ihese rocks is, of course, in a belt parallel 
with tiie mountain, from tlie Delaware Water Gap to Carpenteri 
Point, where they enter tlje Slate of New York. Between the Watei 
Gap and Wullpnck Bend they occupy tbe narrow zone which eeparatM 
the base of iho mounlan from the river ; but, nurth-east of tlie Bend, 
they follow in a ratber wider tract lo the valley of tbe FlutkiU, cni 
off from the rivi^ by a parallel belt of foasilileroua limestone, tbe 
lower member of Formation VIII. 

Tbcso red sandstone rocks appear not to reach the Hudson; bat, 
in Uie opposite direction, they extend a vast distance to tbesoolli- 
west, wliere lliey are largely developed, as they likewise are alongdie 
southern side of Lake Ontario. 

Composition and Structure. — Tlie features of this forinatiou VK 
considerably less diversitied where it ranges across New Jersey thsn 
where it rises to tbe surface in some of the other States. Tlie partic- 
ular belt which follows tbe base of the Kittatinny Mountain is marked 
indeed throughout it^ whole course by very little variety inthfl 
composition and apuearance of tbe rock. Its more variegated aspect 
is confined lo the Dels which lie at a considerable diiitance tot&t 
north-west. As it occurs in New Jersey, this rock consists, In Itt 
lower beds, of a dark-red sandstone of a very ferru^nous compoaitJoD 
and extreme hardness; and in the middle and upper divisions of llie 
atratum, of a brjwnish red shale, aud a very argillaceous saudalone, 
which are souK-timea tlightly calcareous. These latter layeifl we 
occasionally divided by thin bands of a difierent color, commonly 
greenish or yidlow, but of tbe same compositi.m ; which, as the whol* 
rock is much afft;cted hy clt:avage, assists materially in the determio*' 
tion of its diji. Throughout its entre range iha formation exhiW" 
the peculiar structure resulting from cleavage ; this is partlcnUl'lj 
well developed in tbe neighborhood of the Delaware Water Gap! 
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■where it offers some intereBting phenomena to the geoloeical stadent. 
^n anticlinal axis of considerable magnitude traverses the formation 
for several miles, ranging immediately northwest of the Water Gap, 
disturbing the rocks from their usual north-west dip, and giviug to 
them a series of undulations, distinctly traceable by aid of the lighter- 
colored baiidsabove mentioned. Notwithstanding these irregularities, 
the direction of the dip and strike of the cleavage surfaces continues 
every where the same, only slightly modified in their inclination to 
the horizon, where the cleavage and true stratification nearly coincide, 
in which case the latter exerts some inSuence. The usual dip of the 
cleavage is to a point between south south-east and south, conforming 
entirely in angle and direction to that witnessed in the argillaceous 
rock on the other side of the mountain. 

The only organic remains hitherto met with in the belt of red sand- 
stone and shale which traverses New Jersey are the marine vegetable 
relics already spoken of, the species denominated fuooides Allegha- 
nienaia being by far the moat ofually found. 

EOONOHIOAL OEOLOOT. 

The argillaceous composition of this rock, and the extent to which 
it is atfected b^ cleavage joints, unfit it, to a great extent, for usefal- 
ness as a building stone. In other parts of its wide range at a distance 
from the Kittatinny Mountain, the formation include) a highly valua- 
ble seam or bed of fossiliferous iron ore, which is becoming well 
knowa tUrougfaout the central counties of Pennsylvania and Virginia ; 
but this valuable mineral is wholly wanting where the rock rises to 
the surface to form ils most southeastern belt at the base of the Kitta- 
tinny, and this is the portion of it which alone crosses the State of 
New Jersey. 

In that part of the formation which ranges between the Water Gap 
and Wallpack Bend, two or three spots occur where copper ore may 
be seen in small amounts; hut all hope of discovering in ttiis region a 
valuable vein of this mineral, must prove, I conceive, entirely illu- 
sory. At an early period in the settlement of the district, two or three 
excavations were undertaken in search of the ore, at the western base 
of the Blue Mountain, near Paha quarrj, but nothing was reached 
of anfficient value to reimburse the adventurers. The mining holes 
are now obstructed by rubbish, but the specimens of the ore indicate 
nothing to Tcarrant a renewal of the attempt. 

A few indications of copper ore, chiefly the greea carbonate, amonDt- 
ing in reality t9 little more than stains upon the rock, occur in the 
gorge of the Water Gap, connected apparently with th'e lower por- 
tions of Formation V. Nothing in the geology of the Blue Moun- 
taio or its neighboring rocks, so tar as the portion of it lying within 
New Jersey has been investigated, suggests the occnrrence of metalli- 
ferous veins of any magnitude; indeed, the structure of the whole 
region is adverse to the supposition, though various legends of the 
ores of silver and lead iiaving beeo^discovered here, are yet current 
amoDg those ignorant of the su) 
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fu»»ili/eroua Limettone of the Ddaxeare, Formation VJfl. 

Geographical Mange — Resting conformablj above the formatli 
\ul described itiore occnra an interesting and imprjrt&nt rock, the n^ 
periDOfit of the older secondary 6ti-aia embraced within the Itinitsa 
the Stdte. It is a blQe fuseilil'erous lime^toue, oocnpying, if «*« ad- 
here to a Bimple clawi&cation of the strata, a position near the bottom 
of the eiglith tormaiion of the series. Itfi dip is invariably tow^nb 
the west northwest, at an angle averaging about thirty degrees. 

ibis rock enters the State at Carpenter's Point, alienee it extendi 
in the form of & rather eteep riijge, para'Ll with the general conne 
of ibe Delaware to the Wallpack Bead, where it crosses the rirer 
into PeDDsylvanim. This ridge baa the valley of the Fiatkill at id 
•Tiotheaitern ba>e for nearly its whole length, boanding which, i: 
fifmH in maoy places a tatber steep escarpment. Between its oortli- 
mMem baae aod tl>e river there usaally extends a narrow dilarii) 
pUiSfia oite or more low terraces, forming tbe*beanlifal and fertile 
flata of the Delaware. 

Tb« ruck appears to iocresse in ihicknesa as we trace it Do^tIle>f^ 
ward from the Wallpaek Bend. In fact it only b^ins to devc'^ it- 
•elf ai a Beparate toember in the series of onr strata between the Wiaii 
Gap and the Delaware Water Gap in Fenosylvanin. Tbis expansion, 
conjoined with a gradual re-Jnctioa in the angle of its dip as we ad- 
vance towards Carpenter's Point, canees the gtratnm tooccopy, intlie 
vicinity of Milford, a considerable breadth. This ie the s tme rock 
which forms the chain of the Heldcrberg hills, west of Albaov, in 
New York. 

Composition and Structure. — The prevailing aspect of thterocfcil 
that of a rather pnre bine limestone, embracing liie two leading va- 
rieties, that consisting of the carbooate of lime alone, and that is 
which the carbouate of magnesia also forms an important part, b 
has uenally a line, close grain, a smooth fracture, and a clear blniit 
or bluish gray color ; other portions of it, however, depart from th«M 
characters, being sometimes of an argiliaceoas and earthy lextor^ 
Bometiines sparry or Bubciystalline, and sometimes so replete in £>- 
eils, shells and zoophytes, as to possess no distinctive anifonu grain. 

The following analysis will serve to show the composition of tlu 
rock, as found ut the Watlpack Bend : 

i&KtnjEc gravity — 26.04 

(jompostti^m — In 100 parla: 

,. Carbi^naldof lime, • - 89.52 

Ciirlxiiiiiiu iii iiingnefl!a, - • 1.45 

Aliiniiiitt and |.cioxido of iron, 1.03 

IiiDuhiblti iiiiitler, ~ 7.00 

M'«J»l(MSundluvi, - - 1.00 

100.00 

Thougit i( i« (I'rf dlffloiil^ hy c1o»o Ittentioo, to discern its planMof 
straliHcttil'jii, und tln^n'iu lu rttuii;{nlxo It* dip, yet^l^l^l tlic calcti** 
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ms and argillsceone strata within the State, it is extensively pervaded 
'J the system of cleavage planes, already mentioned as travereing 
he rocks below it in the aeries. These soinetimeB so efface all traces 
f the dip, as to compel the observer to resort to a cai-eful scmtiny 
>f the position assumed by the shells and other flattiah bodies, whose 
ar^r diameters will commonly be found in the plane of the stratifi- 
ation. The average inclination to the horizon of the cleavage planes 
i about fifty degrees, their direction being to the soath soath-east, 
T Bonth. 

An attention to these features of strectnre and stratification will 
irove ituportant in all cases where quarries are to be opened in this 
ormation. 

Organic r«matn«.— It not being consistent with the plan of the 
iresent work to offer a series of engravings of the several foeiliferons 
ormations of the State, I must content myself with indnlginff the 
lope of doing jostice to this interesting subject throngh the medium 
if a different publication. 

Superficial Depotits, — A somewhat cnrions deposit of coarse hetero- 
^neona dilnvinm, cemented into a true conglomerate by the iofiltra- 
ion of carbonate of lime, ocenrs in a bed of some extent, on the 
western side of the Flatkill, not far above its mouth, resting imme- 
liately under the escarpment of the limestone. The caloareoos 
natter has acted so as to agglutinate the coarse gravel swept to this 
Mint from the valley of the Flatkill and from the flank of the adjacent 
noun tain. 

The obvioas identity as to mode of origin between many rocky 
wnglomerates of the secondary periods, and masses snch as this of 
relatively modern date, in which we behold unequivocal evidence of 
Ibe short daration and violence of the action by which the miscel- 
lanooae debris from the adjacent rocks was horled together, will aid 
IS, when adverted to again, to nud^vtand the nature of the circnm- 
itances that gave rise to the patches of calcareous conglomerate 
which form the uppermost deposit of the middle secondary strata^ 
immediately at the south-eastern base of the Sigbtands. 

BCOirOMIOAI. GBOtOGT. 

The purer varieties of the limestone of this formation produce, by 
burning, a lime by no respect inferior to that derived from Formation 
n., either for building purposes or for agriculture. The namerous 
beds of magneaian Umettone fnrnieh a scarce for hydraulic cemerU, 
which may, at any future day, where circumstances warrant it, be 
manufactured along the Delaware at a very small expense. It is 
this same rock, in its range to the north-east, which has for some 
years past, at Rondont, near the Hndson, yielded a superior cement 
at a low price, and in large amount. 

Traventine occurs in two or three localities in Sussex, at the base 
of the ridge formed of this limestone stratum. The water percolating 
throngh ttie rock, carrying with it only the carbonate of lime, and 
leaving andisdolved the oxide of iron, silicn, and other imparities of 
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the etratnm, must of course, in depositing ila calcareous particUi 
produco a material of great purity. This deposit, calltd travertat, 
is Ufiually in the condition of a jeltowJBh, poruua, cncretionary liott 
Btone, wnich burns into lime witli preat fHctlity, and yields a prodnS 
of extreme pnrity and whiteness. It usually collects near the baseof 
limestone rocks, where copious springs, biglily charged with tlu 
«aicsreoua matter of the stratum, enrer moist meadows or ewampj 
grounds. It ia of two kinds, concretionary or stony, and palveralffll 
The first is well adapted for making into lime, or, when procurable it 
sufficiently large blocks, forms a good building stone. The latls 
kind is often beneficially applied to the soil, being identical, in tuA 
with the pond or swamp marl already spoken of. 

The travertine or calcareous tufa, which is another name it bean 
exists in both these varieties on llie Little Flatkill, about two mik 
aontheast of Dingman's Ferry, being deposited a few hundred ywdi 
from the base of the Limestone Hill by a small rivulet. A eimilir 
collection of this material occurs nearer to the rirer side, a little aixm 
the ferry ; and traces of \U existence, though in rather smuU deponli, 
are not unfrequently noticed along both bases of the ridgo for a di* 
tance of several miles. 

Subjoined is an analysis of the travertin deposit as foand neif 
Dingman's Ferry. 

(Mmposilitm.—la 100 parts: 

Carbonote of lime, - - 93.53 

Carbonate of magnesia, - - 0.15 

Alnmina and i^eroxide of iron, 0.43 

Insoluble matter, ■ ■ 4.24 

Organic matter, moisture and loss, 1.C3 

100.00 
The position which the limestone belt holds in relation to the vil- 
leys of the Delaware and the Ftatkill, enables the farmers of ibiaft- 
Tored region to avail themsulves of its fertilizing treasures ihroughont 
its whole range through Sussex, as it is nowhere more than two or 
three miles from llie two cullivatable tracts which border it. Bol 
notwithstanding that the beneficial action of lime on the soils alot^ 
the river, and on the more gravelly lands of the Flatkill and its adjir 
cent hills, has been long admitted by experience, there still exists on 
the part of many farmers a singular inditterence to this most imporUot 
ag.ciit in agricnlture. 

Of the Circiimstancei whieh Attended the Production and ElevaUt^ 
of the several Appalachian Hocks above described. 

To comprehend fully that succession of actions which gave to the 
northwestern side of New Jersey its present symmetrical geologj, 
would require us to go aside into some of the adji^ining Slates wliert 
many of the phenomena essential to the inquiry are best bubeld, ani 
to ttike more ample latitude in Eome deacriutiona of a speuulati« 
kind than is compatible with the design ana scope of the preseo' 
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work. I shall restrict myself, therefore, in thU place to a concise 
^xaminatioa of a few points only, connected with the origin and 
present position of the Appalachian rocke. 

The previooB descriptions embracing but tlie fire lowermost meDi- 
bera of the series and a sabdiriaion of the eighth in the ascending or- 
der, it is necesear; for the discoverer to extend his researches into the 
adjoining State of Pennsylvania to behold the rest of that enormous 
gronp oiBtrata, whose elevation from ttie bed of what I have ventnr- 
ed to term tlie Appalachian Sea, gave to a large part of the eastern 
half of our continent nearly its present configaration. 

He will then perceive, in the first place, two important formations, 
abaent from the series, as it is developed in Sussex and Warreu, but 
of great thicknesa and vast range in other parts of the Appalachian 
chain. These occnpy a geological position between the top of the 
red shale and Bandstoue r»cks. Formation V,, and the bottom of the 
foBsiliferous limestone of Formation VIII. The lowest of these, For- 
mation YI., is a bluish limestone, very analogoos in aspect and com- 
position to that which ranges between the W&llpack Bend and New 
York. Thb next. Formation YII., whose true place, when all are 
present, is between these two limestones, is a coarse, white sandstone, 
of very distinctive features. 

Above the fossiliferous limestone of the Wallpack Bend, or lower 
member of Formation YUI., rest the olive and brownish slates of 
Formation YIII., forming a stratum of groat thickness, which ex- 
tends over a belt of many miles in breadth northwestward from the 
Delaware. 

Pursuing the same ascending order, and tracing the rocks in the 
same nortiiwest direction to the Coal Ueasores of me Wyoming basin, 
we meet with the red shales and argillaceoas red sandstones of For- 
mation IX. 

Overlying these are the white and gray siliceous sandstones com- 
posing Formation X., then another series of red shales and soft 
argillaceous red sandstones, constituting Formation XL ; and upon 
t^ese are the coarse quarlzi>se conglomerates of Formation XTL., 
surmounted by Formation XIIL, or the anthracite coal measures. 
This last formation, or its equivalent, the bituminous coal measures 
further west, occupies the hiehest place in the series of our older 
secondary or Appalachian rocks. 

The several members of this multifarious group of strata give 
evidence, from their mutual parallelism, to which there is but the one 
local exception in the unconformable contact near the Hudson between 
Formations HL and lY., that they are the result of one strietly 
continuous series of sedimentary actions. 

Though the chemical agencies which precipitated the limestoDes, 
and the various currents which introduced into the bed of the same 
great sea the mechanically suspended materials of the land, gave 
place to each other in frequent alternations, or underwent, from time 
to time, a total change, yet do wo never find those geological proo& 
which would indicate an interruption of this prodigious sequence of 
deposits. Commencing in the remote period, which also saw the 
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accumulation of the silurian strata of Europe, their precipitatia 
unlike that of the latter, was contitmed, unarrested by anv widelf 
influential physical reTolutione, to the close of that remarkable epod 
which witnessed the exuberant vegetation of thecoa;,- \vherea£,a 
many portions of Europe an interval of unascertained duration una! 
have elapsed between the elevation of the eiliirian deposits from thai 
oceanic bed, and the beginning of the new order of things whid 
brought together the materials of the great carboniferous forraatiod 
In the region of the Appalachian rocks no pause occurred in the trM 
of sedimentary actions by the elevation and resubioersion of an 
part of the vast secondary sea. We therefore find, in contirmationof 
the other proofs of the absence of such revolutions during the accuuiB' 
lation of the Appalachian strata, that the fossils, the remains of lb 
organic races of that sea, and its shores, exhibit a gentler gradoatJoo 
in the changes which they have undergone as to species, conipsrinj 
them in the diflFerent formations of the series, than is presented wba 
we compare the silurian and carbon ifenais fossils of Europe. 

The conglomerate character already stated as belonging to certain 
portionsof the Kittatinny limestone, wonld seem conclusively to implj 
that perfect regularity or quiescence of action did not prevail durii^ 
the second epoch of the Appalachian jieriod. And the fact of tll( 
fiuperposition of the sandstones of the Shawunkunk Mountain unm- 
formahly upon the slates of the Kittatinny Valley, near the Hudson, 
18 an_ evidence of another and seemingly more extensive disturbance, 
terminating the third epoch. To the turbulent interval which imrnB' 
Qiately resulted and brought together the coarse siliceous material) 
oflhe fourlh formation, succeeded the relatively tranquil era*,« 
evinced by the nature of their strata, of the Hltli, sixth, seTenll, 
eighth, and ninth rocks of tiie series; then followed evidently tm 
epochs of widely diffused agitation, along the Appalachian shores, tbe 
tentli and twelfth. = i-f -- 

The hclerogeneous nature of the conglomerates visible over an lO- 
mense space along the mountain chain of the middle and sontben 
States, goes plainly to establish the extensive changes in the physical 
geography wLich were taking place, in preparation as it would seem, 
of tliut wliolly new state of the surface, which so clearly characteriW 
the last and most striking interval of all, the epoch of the coal. 

It IS not a little curious, as casting additional light on the oconr- 
rence of a movement of elevation in the region of the Kittatinny Val- 
ley, at the close of tlje third ejioch, tliat the rounded fragments of tie 
slate Pf Formation III., and of the chert of Formation II.. mingled 
■with the qnartz pebbles from the primary rocks still further ei* 
occur in considerable abundance in both of the higlier conglomerate^ 
but especially in that which composes Formation XII., encompftsMDg 
all the anthracite and bituminous coal fields. These fragmenis of ifc' 
secondary rocks suggest this inference, inasmuch as they show that 
part at least of the slate and limestone formations had already been 
lifted out of tlieir parent waves, and that the rocky strata of the l»o^ 
were exposed to tlie denuding agency which broke and ronnded tlieffl 
into pebbles, to form a portion of these later conglomerate depoBJ* 
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As the conformability of the Kittatinny sandstone to the akte is 

g resented throughout their whole great range acroes New Jersey and 
ennsylvania, aod ia only locally iuterrnpted in New York, the in- 
ference eeems just that much of the Kittatiany Yalley continued, at 
least to a late date in the Appalachian period, beneath the waves. 
Hat the geological phenomena of the primary chain southeast of the 
valley go to show with eqnal force, that from that quarter probably 
came the principle portion of the fragments of Formations I., IL, and 
HI. These, rounded by attrition while on their journey, now consti- 
tute an interesting part of the pebbles of Formation SlI. 

Bespecting the precise geological dates of aU the great anticlinal 
axes, the results of the enormoas elevatory actions which have np- 
beaved the Appalachian strata from out of their ancicntsea and giren 
them their present inclined positions, it would be idle to specalate in 
the present imperfect state of our information. But the whole evidence 
yet collected en the subject, manifestly leads us to this striking gen- 
eralization, namely, that one great and general disturbance of the 
strata terminated the epoch of the coal. Comparatively sudden, and 
immeasurably more energetic than those that preceded it, it produced 
the almost airailtaneous elevation of the wiiole Appalachian chain, 
and was att<.'nded by a commensurately violent denudation, from the 
abrupt and tremendous drainage of the ancient Appalachian sea. 
There arose, uplifting with them a vast belt of strata, the nearly in- 
numerable anticlinal axes of our Appalachian rocks, inclining and 
folding, and breaking these into all their present irregnlar and con- 
torted attitudes. 

CHAPTER III. 

OF TBE MIDDLE SBCOtlBABT BoCKS — QEOLOOT OF THE COUNTBT BETWEEN 
THE BASE OF TBE niGHLAITDS AND A LINE JOININO TBBNTON AKD NEW 
BKHNSWICK ; ALSO, OF THE OBEEN FOND MOUNTAIN. 

General Description. — In the two preceding chapters, having treat- 
ed in detail the geological features of the primary and the lower 
secondary rocks, we propose in the next place to describe the middU 
teoondary strata embraced principflUy within the third and remain- 
is2 district of the northern half of the State. 

In general aspect and composition this group of rocks is one of the 
most uniform and well marked in the country, and in detailing its 
characters as they are beheld in New Jersey, we shall be describ- 
ing, in fact, the prevailing geological structure of the whole belt from 
the Hudson to ^orth Carolina. 

The formation coDsiats of dark, reddish brown sandstone, almost 
invariably argillaceous, of aoft, crumbly, brown shales and coarse 
conglomerates, the latter frequently of very heterogeneous composi- 
tion. The prevailing, we might say the almost invariable direction 
of the dip of the strata is towards the north, at angles varying from 
fifteen t(j twenty-five degrees. The lower beds, or those which show 
themselves along the southern edge of the tract, consist most frequent- 
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ly of rather coarse pamtBtones alternating with red shales, the sand- 
stones being formed of somewhat angular fragments of quartz, fel- 
spar, and otlier ingredients of the neighboring primary rocks, cemented 
by a paste of brown, nrgillaceous matter. Tiie central parts oftiie 
series consists more exclusively Lif brown shales and brown argillace 
otiB sandstone, while the uppermost beds occtirring along the nortli- 
western margin of tiie formation, hare frequently the character of 
coarse conglomerates, made up of pebbles derived from a very grea; 
variety of rocks, chiefly those whiclj occur at the base or on tlie sides 
of the adjacent primary hills of the Highlands. Where a lar-;e pro- 
portion of the pebbles are of limestone, and the cementing red enrtli 
which unites tliem contains an adequate quantity of the same material, 
the rock possesses the character ot a marble, neing eneceptible ofi 
good polish, and resembling certain highly variegated breccias. 

Though this conglomerate constitutes the nppermost member of tlie 
red san&tone group in various places, both in ITew Jersey and PetiD- 
sylvania, there are other neighboj hoods, for example, near Bainbridgf, 
on the Susquehanna, where it would seem rather to occupy b position 
at the base of the aeries. All tluse rocks of the middle aecondar; 
date, of which the argillaceous red and brown sandstone is the 
predominant and chaiacteristic varietj, appear, from nutneronf 
geological indications, to have beou produced at a period snbseqneat 
to the elevation uf the lower SL'condary strata, including the coal 
deposits. They seem to have originated in a long narrow tron^h, 
which bad its source as far south at least as the eastern base of tne 
Blue Ridgo in Virginia and Nurlh Carolina, and which probablj 
opened into the ocean Bomewhore near the present position of the 
Karitan and New York hays. Their materisls give evidence of havine 
been swept into this estnary, or irreat ancient river, from the soath 
or BOutli-east, by a current produeing an almost universal dip of the 
beds towards the north-west, a feature clearly not caused by anj 
uplifting agency, hut assumed originally at the time of their deposi- 
tion, in consequence of tjje setting of the current from the opposite of 
south-eastern shore. 

Numerous ridges and dikes of trap, some of them many miles in 
length, traverse the area occupied by tliis formation io New JerseT. 
The date of their appearance at the surface was manifestly Bubseqnenl 
to the deposilion of the red argillaceous strata tiirough which theT 
have hurst, overflowing, while in the melted state, the adjacent beds, 
and greatly altering their texture, color, and mineral aspect. 

In what exact periud durinu ihe Becoudary ages of the earths 
geological history, this widely-difl'used series of sedimentary strati, 
and their accompanying igneuus nicks, originated, we are at present 
unable to determine with strict tciantiSc precision, but we are not 
without data for a somewhat satisfactory approximatiou. 

The organic remains hitherto ilisoovered are extremely few, an'' 
the evidence they aiford is not j^itiBcient to establish within upar 
limits the era to which these strata should be referred. They c^nf'^t 
merely of a few rather imperfect relics of one or two species of/*M 
some mdistiiict impressions of fucoidfs, or other aquatic vogetnlioOt 
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md occasionally thin bands of a ligniform coal, in which the fibrons 
itrueture. appnrently that of the wood, is traceable. The other organic 
[■emains, particularly of the fishes, imply a date somewhere interme- 
diate between that of the coal and that of the green sand, and indeed 
BuggeBt it as probable tiiat tlie deposition of these beds commenced at 
an early- period af>er the elevation of the carboDiferoua and other 
Btrata of tlie Appalachian series. That they are not so receot as the 
greensand or nevser geeondary strata of the Slate, is proved by their 
passing unconformably beneath that group, along the whole of their 
common bonndary, from near Trenton to the Karitan river, and that 
tliey are more modern than the coal is, I think, not leea conclnaively 
shown by their reposing anconformably, and without signs of distni^ 
bance, npon the lower members of the Appalachian roc&s, in districts 
of the country where the uplifting of these, and of the carboniferona 
strata at the top of the same senes, has obviously been contempo- 
raneous. 

A remarkable feature ia the stratification of the whole of this red 
Bandetoiie belt, is the almost invariable iacUaation of its bed to the 
north-west or north, towards the base of the Highlands, where the 
o\der secondary strata are to be seen in many places with a steep 
aoath-eastern dip, passing beneath these newer rocRS, which therefore 
abut against them in the opposite direction. Had any portion of 
these red rocks been produced at a period previous to the last, and 
iDOomparabiy most violent disturbance, whicn shook the great Appa- 
lachian basin, and which originated most, if not all, of the principal 
axes of elevatiun in the Highlands and the region to the north-west, 
laying bare the coal and all its attendant rocks, it is extremely diffi- 
ctut to conceive how they should have remained unaffected in their 
gentle north-western inclination. 

Later, therefore, than the carboniferons rocks, and earlier than the 
greeia sand, the most appropriate title claimed by this group of strata, 
wou1>d seem to be that of tne middle secondary series. Though they 
present an obvious analogy in general aspect and composition to the 
new red sandstone rocks ot Europe, and may in fact have originated 
somewhere about the same epoch,' yet I much prefer the above 
designation in the present stage of geological research, beoaase the 
other name* involves the notion of an identity of age, which, from the 
singular paucity of organic remains in the American group, may 
probably never be susceptible of demonstration. 

The whole middle secondary series, even where we find it, as ia 
Pennsylvania, pr^enting its most varied composition, is divisible 
strictly into not more than three separate formations, the lowermost 
and uppermost of which are conglomerates, while the middle one, 
the mam body of the series, is composed of the ordinary red sandstone 
and red shale. In New Jersey, we find tlie whole properly classified to 
embrace but the two njiper of these divisions, the red sandstone 
portion, and the uppermost conglomerate, usually calcareoua. 
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Adopting, in conformity with niirgeneral plan, tlie aacendin^lM 
we ehnll tiierefore describe in the thi-ee following sections : 
I. The red argillaceous sandat'ine formation. 
II. The Tariegated calcareous congtotnerates. 
HI. The trap rucka intrnded aTnong and overlyin 
deposites. 

SECTION I. 

Of the Red Argillaceous Sandstone. 

Geographical Range. — The south-eastern margin of the red sand- 
stone formation coincides, from the northern State line to tlie monlli 
of Newark bay, with the eastern boundary of ihc State. Emerging 
from beneath the range of trap riicks called the Palisadoea, on tli« 
west shore of the Hudson, it Eltirts tiia river nnd its baylhewhoil 
distance, in fact from Sloney Point, in New York, to tho outlet «( 
Newark bay, called the Kills, or Killvan Kiehl. Between this epot 
and Perth Amboy, the edge of these rocks crosses Staten Island. 

From Perth Amboy wo trace it along the north side of the RarilM 
river, which it crosses nearly opposite Lawrence brook. Its coattB 
thence is along this latter stream for several miles, until it is int8^ 
rnpted by a prolongation from the ridge of trap rock which pawM 
EOntb and east of the Sandhills. On the south of tlus belt of trap. th« 
sandstone is again seen near the head of Ileathcote's brook, froB 
whence it takes an almost westerly course to Kingston. Here iO 
margin deflects south, keeping a little to the sonth-east of the Raritiui 
canal, to the head of the Shipetaukin swamp, the north-western edw 
of which it pursues nearly to the junction of the Shipetaukin witli tSs 
Assunpink, from whence to the Delaware river, a course of about fife 
miles, it follows the noith-west border of the Trenton btltoftlw 
primary strata. 

Tho north-western border of the formation, commencing at the 8t«t< 
line, pursues for several miles the course of the Kamapn river, » 
contact with the primary, nntil it is fringed by a short narrow belt of 
the overlying calcareous conglomerate, east of Pompton, From tlifc 
place its route is again along tho primary strata, by the base of th* 
Pompton Mountain to Montville, where it is a second time overltt"! 
on tho north by a small tract of conglomerate. 

From Montville we follow it, abutting asainst the primary at_tlu 
base of the Trowbridge Mountain, to Mendiiam Valley, where it a 
interrupted for a narrow space by a belt of tlie limestone of Form* 
tionll. ofthe older secondary aeries, which it partially ovcrlapfl <* 
it« eastern side for about a mile west of Mendham to Pepack. Fn^ 
this point its course is to the Lamington river, and it is for the third 
time covered on its northern side by the calcareous conglomeraH 
which bordera it in a nearly continnous belt, passing New GerinW" 
town, to a spot nearly north of Lebanon, on tlie turnpike. CurviD? 
nronnd the base of a small hill of trap, and another of gneiss, it iie*' 
flkirta the edge of the tract of limestone of the south branch, wbert 
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ts ranee is ne&rlj westwsrd aioag the limestone, bj Perryville sod 
*attonDnrg. In the neighborhood of the Old Hickory Tayern, it 
aeets the sneiBs at the foot of the MuHconetcong Moantain. About 
wo miles beyond that epot, about the head of Milford ran, it is once 
nore, for the fourth time, bordered hj the superior beds of the cal- 
;areoas conglomerate, lying here at the foot of the MoBConetcODg 
Sf onntain. Following the soathern edge of this narrow belt for aboac 
lis: milea, it finally quits the State by crossing the Delaware river 
aear the mouth of Qallows run. 

Composition and Struotwe, — While the preTailing and diatinotive 
Tocka of this formation are a dark brownish-red san&tone, and a fioft 
and friable argillaceoos red shale, it presents a considerable diversity, 
especially among its lower beds, both as respects Its aspect and com- 
position. In some parts of the series we find the argillaceoas matter 
ao predominant, that certain beds assume almost the character of a 
homogeneous consolidated clay, of a brown or dark purple color, in 
vhich the laminations are hardly discernable. On the other hand, 
the rock is not unfreqnently composed mainly of saud, cohering into 
a true arenaceous sandstone, by a slight amount of clay, usually red, 
but sometimes white. In these cases it often contains a notable 
quantity of mica, and is then a red, fiaggy sandstone, easily divisible 
in the plane of stratification. In tUe inferior part of the formation, 
beds of rather coarse and heterogeneons sandstone passing into con- 
glomerate, are not unusual. But the pebbles rarely make up the 
chief part of the mass, and the larger kinds are somewhat sparsely 
scattered, in the midst of what oogbt rather to be termed a coarse 
aod angular sand. The materials of theee beds seem to indicate a 
derivation from the contiguous primary rooks southeast of the forma- 
tion, consisting principally of rather angular grains of quartz and 
felspar, the latter most usually passing by decomposition into clay or 
kaolin, together with a less proportion of mica, and a little of the red 
argillaceous matter so predominant in the formation. Wo sometimes 
find in the coarse conglomerates, besides the abraded fragments of 
the primary rocks, fiattish pebbles of the red shale, which give to the 
rock a rather mottled aspect. 

An accurate conception of the diversified contents of this extensive 
formation will be best conveyed by a somewhat detailed description 
of ita several portions, as they are exposed along a section transvetae 
to the strike of the beds. I shall select the district bordering on the 
Delaware river, where the series is more entire and better developed 
than iu any other tract of the State, and treat of each natural dirisioa 
in BDCcession as it presents itself in the ascending order. Oommene- 
ing, therefore, with the lower margin of the formation, about one mile 
nortbwest of Trenton, we find a well marked belt of strata occnpying 
a breadth of about two miles, between that point and Hill's Oreek, 
its northwestern limit. This consists of conglomeritic sandstones of 
the kind above referred to. 

Iiie materials of tbis lower set of rocks are pebbles and grains of 
s&nd of the same minerals which compose the primary strata, upon 
the upturned edges of which these rest. The rounded fragments are 
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from tlie eize of conree B&nd to an iocb in diameter, and comprehend 
grains and pebblea of qitariz, some of which are of tbe semi-t ransparstit. 
partially opaleecent kind, pretty abiiiidant in certain Btrata of tiit 
gneiss. Associated with llie qnurtz there ia much ftlapar. white « 
yellowleb, and partially decomposed ; also, a small Bharo of mica ani 
a considerable quantity of horn-blende. Tliroughout enme of th* 
Btrata there is a greater or less proportion of hydriited oxide of iroD, 
dispersed in minnte yellow speckn. The decayed condilion of tin 
felspar, and tlie stains from the oxide of iron, impair to some degm 
the value of these rocks for the pnrpoaes of architecture. The dip of 
the beds is to the northwest about twenty degrees. A want of par.il 
lelism in the planes of strati tication, and eomo minor irregalarities, 
interfere with the value of many of the quarries io this range, bt 
preventing the uniformity of Btructnre which building stone, for manj 

Surpoeee, must have. A good display of these rocks, in all their in- 
inctive features, is to be witnessed in Dean's Quarry, a mile and i 
half from Trenton, upon the feeder of the canal. The same varieties 
show themselves on the Delaware and Raritan Canal, about six laila 
northeast of Trenton, where the beds agree io all porticnlaris wilh 
these inferior strata along the Feeder. 

Overlyirig these more heterofreneous rocks, at the bottom of the 
formation, there succeeda a belt of a somewhat different character, 
having a breadth of about two miles, from Hills Crei^k to the etream 
at Ahner Scudder's. The }irevailing rock is a coarse-grained pinbisli 
sandstone, consisting of transparent quartzosa sand, with nDmerout 
white grains or specks of somewhat decomposed felspar, and sraoU 
flattish pebbles or Qakea of the more argillaceous kind of red saI)(^ 
stone. The chief ingredient in thia rock is siliceous sand, eithef 
traoapareut and white, or stained yellowish by oxide of iron. Th* 
predominant reddish color of the rock is dae to the minute particles 
and fragments of the red siiale which it contains. The beds here 
described yield altogether the best building material upon ibe Deli- 
ware, The rock is pretty extensively quarried at the State Prison 
Qtiariy, Green's Qoarry, and Hill's Quarry, and upon the oppoale 
Bide of the river at Yardleyville, Its stratification is usually fery 
regular, and it is easily wrought ; and some of it seems capable, from 
its composition, of resisting decay from atmospheric sourci-a. Tliii 
and the next inferior group are discernible over a considerable rang*) 
parsaing a direction nearly parallel to the canal towards Princeton, 
beyond which they disappear beneath tiie overlapping strata of t^' 
npper secondary or ereensand series, a little to the east of Slonj 
Brook, and eoutii of Kingston. 

Between the etream at Scudder's, five miles above Trenton, ft"^* 
small stream above the Alex^ockin creek, near Centrebridge, the next 
extensive belt is embraced, occupying a breath of many miles. Tbe 
rocks of this portion of the formation are well exhibited near the 
Delaware, having been artificially excavated in numerous places W 
make room lor the bed of the Feeder of the Earitan canal. TK^ 
consist principally of those varieties which form the usual and predom- 
inant materials of the whole formation both in Kew Jersey e,ai^* 
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.djoining StatcB. The ordinary Bpeciea is a rather fine-grained brown 
>r red argillaceous Bandstoiie, varying between soft argillaceona shale 
ind hard arenaceous and micaceone sandstone. 

Tho color, though most usually red, is sometimes dnll bluish, or 

greenisb. Much of the rock exhibits cross joints, in great namber and 

regularity, and gives proof of its having been somewhat consolidated 

by an elevated temperature, if we may judge from its compactness, itt 

baked aspect, and the ringing soui^d whieb it returns when struck, 

and from the extent to which it is divided by these cross joints. With 

one single exception in its whole breadth along the Delaware the 

dip is invariably to the northwest, at abont the usual indinatioa of 

nearly twenty degrees. The exception referred to occurs between 

Alexeockin creek and the ridge ot trap about a mile above it, where 

the dike has burst np through the stratified rock and thrown it out of 

its asaal inclination, and caused it to dip to the south and sontheast. 

This disturbance of position does not, however, prevail over perhaps 

more than half a mile ; and it is singular enough, that adjacent to and 

between the three other bold ridges of trap which cross the strata 

near Trenton, no similar displacement of the prevailing dip has taken 

place. I may mentioD in this place, the same intereatmg fact in 

connection with nearly all the principal outbursts of trap rock in the 

State, which produce no disorder in the original attitude of the strata, 

thongh couclueive evidence will be offered presently, that the trap 

must have issued through the stratified rocks after their deposition. 

The stratified sandstone rises almost to the top of Goat Hill on its 

eastern slope, dark and altered in teztnre, but preserving its ordinary 

dip to the northwest. 

Upon the northwest side of the large ridge of trap called Goat Hill, 
there have arisen changes in the mineral contents and structure of 
the adjacent strata which are highly curious and important when 
regarded in a scientiffic point of view. I allude to the existence in 
the sandstone of a profusion of nodules and crystals of epidote, toierma- 
line, and other minerals hardly ever found but in igneous and volcanic 
rocks, but caused here by the heating influence of the vast masa of 
trap, as it issued from the interior in a molten state. When treating 
of the trap rocks of tho red sandstone region senerallv, I shall dwell 
more at length upon these interesting minerabgical changes. 

This broad tract of argillaceons red sandstone and shale is inters 
seated in its range to the northeast by the valley of the Baritan, 
where its beds are finely exposed to observation the whole distanoe 
from Perth Amboy to Boundbrook. To the northeast of the Raritan, 
nearly the whole of that part of the middle secondary region included 
between Stateu Island and the Hudson on the east and the trap ridges 
on the west, consists of this division of the formation. Keating npon 
this rather uniform portion of the series, we find near the Dtuaware 
another somewhat more varied set of strata extending between the 
small stream below Centrebridge and the Wickhecheobe, about two 
miles above its month. They consist of a series of alternating red 
sandstones and coarse yellowish conglomerates, oocasionaUK-ilivided 
by narrow beds of the softer argillaceous red shale. The'' v 
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rates resemble closeij those which occnpj an inferior poBiuo^^ & 
formation, and which appear within three miles of the gneiss at Tm- 
ton. A larye portion of the pebbles, which freqiienily are lialfn 
inch in diameter, constat of quartz and felspar ; the latter occnsional!' 
in a decomposing state. With these are mingled flatter pieces of • 
shale, the whole being bound together by a small amount of ferr... 
nous matter acting as the cement. Much of this latter rock is mer^ 
a coarse eandslone, and in the vicinity of Centrebridge, and at inter 
vala for a mile and more above, it occurs of a quality exeellentij Sttii 
for architectural uses, having been fully tiled in the bridges upon tkt 
upper end of the Feeder. 

This rather arenaceous part of the formation extends nearly to tiU 
month of the Lockatone, if wo follow the bend of the river. Con- 
mencing a little above that Etream, we meet with an elevated tablfr 
land, the surface of which is aboat fonr hundred feet above the DtU- 
ware. At the valley of the river tliie is about three miles wide, Iml 
it expands towards the northeast, until it reaches the valley of iii( 
Sontn Branch of the Earitan. Its lower edge is traced by a h'uA 
commencing at Bull's Island, and pa&<ing west of Sergeaolsville and 
Flemington. Here it bends to the north to follow the South Brunei 
to within three milts of Clinton. The upper or northwestern limit it 
less clearly defiued, as the highly indurated strata pass by nearly in- 
aensible shades in some places, into the less altered rocka of the tr»ct 
to the northwest. An approximation, however, to its bonndary, will 
be had by drawing a lino from a little below Scuiihsville, on the Doll- 
ware, through Pittstown, to near the south braneli of the Haritau. 

Throughout this area, the rock preserve3 a moderattdy uniform M- 
terual character, being a highly indurated altered shale and sandstone, 
the prevailing color of which is a very dark dull blue, sometimes a delf 
gray, and sometimes an olive-green. It has a great tendency to BJ#t 
mto rhombuidai fragments, with a somewhat splintery fracture: wl 
certain vaiietiea yield, when struck, a clear ringing sound, whiaallM 
procured it the name of clinkstone in the neis;liborliood,* 

The tract where this rock exists, goes in Hunterdon county nnd* 
the name of the Swamp, owing to the wet character of tbe prevailiiig 
BOil. Little or no true trap rock is visible in tlje district, except along 
the southern border, where, as for examp'c, northwest of Flemiiifituo, 
it may be seen following the direction of the altered strata. It ii 
likely that numerous dikes of trap do exist, especially next tlie south- 
weetern limit of the table-land, but concealed beneath tbe soil,!'' 
perhaps exietiug as naiTow injected veins, not reaching the surface w 
the rock. The regular stratified structure and norlhwestern tlipi" 
the strata seem, however, not to have been changed, even where tM 
rock appears to have undergone the most decided alteration in all it* 
external features, from the extremely elevated heat, to which it bw 
evidently been subjected since its original deposition. Thera i6_' 
frequent alternation of the highly indurated beds with others, eslii' 

s TelEpir rack of the Lrsp family, usutlly fissile, ui 
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iting but little departure from the commoner featares of the red 
[lale and sandstone. 

In the range of conntry northeast of tliia tract, the etrata, except 
pliere intersected by some trap ridgea, hereafter to be mentioned, 
cem to have sustained no corresponding alteration of textnre and 
:olor ; nor are the chaneee which appear in the rock for a small dis- 
,ance from the trap, which occnre in that region, of precisely the 
lame nature as witnessed in the strata of the Swamp. 

The next belt of the formation which we meet with in oor progress 
northwestward, commences at the verge of the altered or tndarated 
rocks of the Swamp, and extends nearly to the Nischisakawick cre^. 
In a part of the series the rock is a compact fine-grained, but some- 
what argillaceoas, red sandstone, splitting into regnlar flagstone syera, 
which render it a convenient building stone, ibr which pnrpose it 
would seem to be, in other respects also, well adapted. Its color is a 
brighter red than that which distingnisheB the set of beds that next 
overlie it. 

Between the npner border of this more arenaoeons tract, and the 
southern edge of tlie variegated calcareone conglomerate, one mile 
north of Milford, the predominant material is a very argillaceous 
sandstone, with mnch soft friable shale, the whole being of a deep 
reddish-brown color. This extends over a width, measured along a 
straight line parallel with the river, of about fonr miles. The Nock- 
araixoD cliSe, upon the Pennaylrania side of the river, exhibit a fine 
display of these upper beds. The angle of dip to the northwest is 
Terr gentle, thongh considerably greater than it seems to be from 
looking at the face of that precipiions escarpment, the line of which 
is not sufficiently in the direction of the dip to make the full degree 
of inclination apparent. The chief part of the beds in the portion of 
the series are apparently arenaceous enough to furnish a very good 
sandstone for the ordinary purpose of architectare. 

In other parts of their range, these beds, lying immediately below 
the conglomerate, are generally of the composition exhibited near the 
Delaware. Near Pompton, however, wliere the vary top only of the 
aeries is exposed, the red sandstone and shale occur in somewhat dif- 
ferent features. In a qnarry near that place the red sandstone may be 
seen of its ordinary character, alternating is thin beds with a very 
heterogeueons fine-grained conglomerate, made up of a great variety ' 
of materiats, and presenting as it were a miniature of the variegated 
conglomerate above it. These sandstones are parted by very ^ia 
layeri of the soft shale, almost in the state of a compressed red olay. 
At the dividhig surface of the harder and softer layers may frequent- 
ly be found organic impressions of a class evidently belonging to some 
of the older aquatic taribea of the vegetable kingdom, apparently 
fncoides. 

Upon these sandstones there rests a thin bed of a gray siliceous 
el&te, very schistose, though of too coarse a texture to warrant its 
being usefully applied. Besides the sand in its composition there is a 
moderate proportion of mica. Its Inmine coincide with the planes 
of etratification ; the thickness of the whole mass is inconsidicftble. The 
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variegated conglomerate of this neighborhood rests in a comformabk 
position npoD this slate. All these roi:k3 dip tu the northwest. 

Having in the Ibregoing akolch descriljod the several subonHniti 
members of the red eaiKletone liirmation as wo find them developed 
along the valley of the Delaware, hoth in thoir ordinary- condicioe 
and in their more or leas sltered state as affucted by the neighborii 
trap, let ns in the next place f 'How sume of tlie more coatiiiuoua ' 
these in their range across the Stale towards the New York line. Ii 
consequence of the modification of texture which some of tlicso rocb 
have received by the numerous outl)urst9 of trap by which the nortb' 
western half of the reghm more particularly has been invaded, it bt 
comes impossible to truca with any accuracy ihe limits of the sevetil 
subdivisions, even presuming them all to have been once coDtinaoot 
strata ; I shall, therefore, merely attempt an account of e. number of 
localities, referiirig tiie beds dfscribed as nearly as practicable to theif 
respective belts as seen along the Delaware, and in dniiig this shall 
observe Ihe usual ascending ui'der, proceeding from the southeastern 
members of the iormation to tlia northwe^te^n. 

Advancing from the Delaware towards the northeast, the first or 
lowest beds reposing on the gne'ss rock near Trenton, retain tdeir 
coarse heterogeneous oompusition until they pass beneath the marghe 
of the Shipetaukin creek, and the canal south and east of Princeton, 
beyond which they are buried by tlie overlapping while eands aod 
clays of the u]'per secondary series. On Ihe dccTiviiy or low escarp- 
ment which bounds t)je valley of Stony Brook near Friuceton, about 
a mile southeast of tlie town, wo find near the canal a gray, areni- 
ceoas sandstone, which upbears lo constitute the upper part of tliis 
division, being overlaid by the mure argillaceous and reddish groui 
of beds next north of it. The rock at this place has been quarried, 
and supplies an excellent building slonc. The main edifice of the 
college, and several recently erected edifices in Princeton are coo- 
fitrncted of it. 

The next belt, extending on the Delaware from Hill's creek to ScufJ- 
der's creek, crossis the canal near Kingston. Here and along the 
sonthern side of the Sand Ilills it encouutura the trap ridge prolonjfed 
from Rocky Hill, its beds undergoing some interesiing moditicatian) 
of structure which will be more fully desciihiid wheiiwecomeio 
treat of the trap rocks specially, and the changes induced by them. 

Viewed comprehensively, the next subdivision of the formatio" 
shonld embrace the entire series of argillnceons rcl sandstones ani 
sliales included between these arenaceous rocks and the calcareoiu 
conglomerates which overlie the whole, for it is obvious thiit some of 
the varieties separately described as occurring near the Delaware, 
owe their peculiar texture to igneous actions ot a merely local nature 
Such is the case with the thick gr^np of btda composing the tnct 
called the Swamp, Oiher subordinate strata like the coarss saifi' 
etoiKB near Centrehridge would apjiear not to have a snflieiently coii' 
tinuous range across the Statu to make it necees^iry lo carry out tbc 
subdivision a of the f.>rination, as they were detailed when desciibiug 
the rocks along the Delaware, 
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Convenience, however, recocnmende that we consider separately the 
ride "belt of argillaceous rocks embraced betweea the sreD&ceoiiB ones 
f Scndder's creek and the still coarser ooes of the vicinity of Oeatre- 
> ridge. 

The inferior margin of tbis zone of strata, after passing by Prince- 
j01\, is prulonged to Lawrence brook, where it constitntea also the 
toutheaetem edge of the whole middle secondary region, being over- 
Laid unconformably along tho sonthera side of that stream by the 
lo^rest of the upper secondary series. Beyond the moath of the 
Liawrence'e brook the same rocks extend everywhere to the eastern 
boundary of the State, fringing the western shores of the Baritan, of 
Staten Xslund Sound, and of Hudson river. 

The upper or northweetem margin may be traced from the stream 
eaat of Uentrebridge, past Middlebrook, on the Karitan, and thenoe 
along the eastern base of tho eastemmnst principal ridge of trap. The 
occurrence, in the neighborhnod of Paterson, of a coarse siliceooa 
sandstone and conglomerate rock reaembling that near Centrebridge, 
and the occasioual appearance of a similar material at points adjacent 
to the line designated, seem to mark this as a boundary not altogether 
conventional. Within tho two limits thtis traced, the almost invari- 
able aspect of the rock is that of a brownish red shale, inclading beds 
of a more or less argillaceoas and micaceous sandstone of a somewhat 
lighter tint, some localities of which furnish good building stone and 
Aaf^-Btone. 

Between the Delaware and the Raritan rivers the nualtered varieties 
of the rocks of this belt are seldom quarried, and present but few 
features of either economic or scientific interest. 

The altered portions, important in both these points of view, will 
be described somewhat in detail when aUusion is made to the 
aeveral ranges of trap with which they are connected along the Rari- 
tan, where, as already mentioned, occur fine opportunities for studying 
this portion of the formation. 

At New Brunswick, the dip and structure of the red shale are 
beautifully exposed on the bank of the canal for a mile above the 
town, exhibiting tbe nearly parallel planes or laminee of deposition, 
dipped with extreme uniformity to the northwest, at an angle of abont 
fifteen degrees. Some of the more argillaceous layer contain a con- 
siderable amount of the carbonate of lime in small disseminated crys- 
tals, also in the form of hollow nests, lined with crystals forming 
bands of two or three inches thickness and of thin seams or plates of 
satin spar, filling the fissores of tbe shale. The planes ol lamination 
are often marked by thin bands of a light bluish green calcareoas 
sbale, which owe tht;ir peculiar color to the iron so copiously present 
in the formation, nsnally as a peroxide, but in these instances reduced 
to the condition of protoxide. These bands are erroneoosly supposed 
to contain copper. 

Northwestward, as far as Boundbrook, the stratum retains very 
nearly the aspect wbicli it exhibits lear New Brunswick. The only 
fact of interest is the gradual declension in tho angle of the dip to- 
wards the northwest. Between Boundbrook and MiddlebroalL the 
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rocks are well exposed on the south side of tlie river by the excan 
tionB made for the caoiil. Here the dip exhibits an nniiganl directJoft 
being towards the Boulheast, but at an angle not exceeding five it 

frees. This change in the inclination of the strata is not merelr loal 
nt pi'evails over an area of several miles to the northwest anij we; 
the whole way to the vicinity of Peapack in the one direction, and tiit 
mnctioQ of the north and south branches of the Raritan in the otlm. 
Tracing tlie dip along the MilUtone river, in a sneccpsion of fine ei- 
posurea, from Griggstown towards its mouth, we perceive it to be B 
the northwest, bnt gradually diminishing until we approach lit 
Karitan, where it becomes horizontal, and soon after assumes tlieeoe- 
trary direction, as beheld in the vicinity of Middlebrook. The liu 
of no dip or synclinal axis is traceable cc-ntinuously from Bound bnwi, 
taking a west-Bouthwest direction throngh Milton, or Rogers' Milli, 
to Plaggtown. Along the eoulhcastern base of the ridge of tnp, 
which extends from the Bridgewater Coi^per Mine towards Pludi- 
min, the southeastern clip is towards the hill obliquely, indicatiD| 
that it is not a resnlt of the protrusion of the trap, wliich, throughou 
the region has usually exerted very little influence in dieturbing tbe 
direction assnmed by the red saudBtone foimaiion at the tiuie of ib 
deposition. 

An explanation of the probable cause of the nnnenal dip sssninal 
by the strata in this quarter will be attempted under another bead. 
while tliscnssing some of the physical circnra stances which attend tbi 
formation of this whole series of middle secondary deposits. 

Extending our observations northeast of the Raritim, we meet wift 
few features in the geology of this belt of the red sandstone tndt 
deserving of a special description, nntil we reach the neighborhood rf 
Newark. The direction of tlie dip, wherever this can be noticed, if 
towards the northwest at an angle rarely exceeding fifteen deg: 
Between Bonndbrook and Scotch Plains, along the valley of GrMWj 
brook, BO general is the covering of diluvial matter for three or &■( 
miles eaat of the base of the first trap ridge, that it is impossible tli 
ascertain whether the synclinal axis passing from Flaggtown lo Boiid4* 
brook is prolonged in this direction. The existence of a regular noftt. 
western dip in the strata between the first and second trap ridgB9|_(k 
points north of Plainfleld and Scotch Plains, renders its continuittCI 
iar to the northeast of the Raritan very improbable. 

The surface of the formation is coverad ihroughout nearly theentiB 
distance between Rahway and Plainfield by a deep sandy loM^ 
imbedding occasionally loose fragments of sandstone and some roUw 
masses of primary rocks derived from tbe Highlands. A level, etttij 
plain, stretching for some miles in length, from northeast of SeotOi 
Plains to southwest of Plainfield, exhibits a succession of fine (uio^ 
and several thriving villages. Ad abundance of excellent wal^rtt 
usually procured by descending about fiften or sixteen teet intoti* 
diluvial sand and gravel. 

The country included between Rahway, Elizabethtown and New- 
ark, ou the east, and Scotch Plains and Soringtield, on tbe west," 
very similar in its general aspect, being ratlier level, with occasioDsl 
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(^ntle swella and undntalioDS of the surface. The soil ie a fertile, 
rediJieh sandy loam, well cultivated. Boulders and loose fragments 
of rock are fewer on the enrface here than a few miles farther towards 
the noi tlieast. Thronghont mach of this area the nnderljing rock is 
deeply covered. 

Pursuing onr course to the nortlieast, the sandstone is exposed in a 
I qu.irry iibove the village of Jefferson, in the immediate Ticinity of 
, tlie trap rock, dipping to the usual quarter, the northwest, atan angle 
, between twelve degrees and fifteen degrees. The main maaa of uie 
, rock ID the quarry is a dull red siliceons sandstone, of a uniform grain, 
I liaving iiiiiiierouB interspersed specks of mica. 

In the neighborhood of Newark the more arenaceous variety of the 
I red sandstone is moderately abundant, affording much good boilding 
Btone. Aboat half a mile north of the town quarries are extensively 
vorki^-d, giving a good exhibition of the composition and arrange- 
ment of the strata. 

The rock here is for the moat part a Hiliceooa sandstone of a dull 
brownish-red color, artd an even grain. It contains a little mica. 
Ale^nating with the -beds of sandstone are thinner layers of red, 
ar>;ilhict.-oaB shale, which soon disintegrates upon expoenre to the air. 
In some of the lower beds are thin plates of carbonaceons matter, and 
a minute seam of a pure ligniform coal between one and two inches 
in thickness. The dip of the planes of deposition in this vicinity is 
about ten degrees to the northwest. Between Newark and Patersos 
tlie rock displays little or no departure from the aanal character 
wliicli it preserves further to the aonthweet in the same belt, beine 
the nsnal mixture of red shale and more or less arenaceona red eaD<f 
atone. Its dip is everywhere the same, or northwest between ten 
degrees and lifteen degrees : no change in this respect ie perceptible 
as we approucli the trap ridge to its west Between East and West 
Slootiifitild villag^ are some quarries afiurding a moderately good 
building stone. The rock is the common red sandstone of the region 
divided ljy thin interposed bands of red shale. It displays a north- 
west dip, the angle being twelve degrees. In one of the sandstone 
beds there is seen a thin layer of coal, of a varie^ approaching to 
ligiiite. 

Near the Passaic Falls at Paterson, the aandatone is seen nnder a 
ennaiderable diversity of aspect, varying from a coane conglomerate, 
coDtiiiiing namerons pebbles of white and reddish qoartz, limestone, 
and other rocks, to a close-grained, siliceons sandstone, moderately 
well adapted for building stone. There are occasional interposed 
layers of red shale. This conglomerate and sandstone rock bears a 
nuar resemblance to that on the Delaware below Centrebridge, and 
would appear to occupy a corresponding position in the genenu aeries 
of beds which together constitnte the red sandstone formation. 

To the southwest of Paterson, at the Little Falls of the Passaic, a 
sandstone of a somewhat different composition and appearance occnra 
on botli sides of the river, though in the immediate vicinity of the 
trap dike of the second mountain ; it preserves its almost invariable 
dip to the northwest, which is here at an angle of from ten to fiftee' 
7 






98 GEOLOGY OF NEW JERSEY. 

decrees This sandBtone is of a very superior qimliiy, both for Ibi 
puti.o«!s of architeetor. and .eiilpture, and the qoarnei whloli lu™ 
teen opei.ed furnish blocks of almost «ny d.meT.sions. One of Ite 
onarrii has been oondoeted imdor the direction of Mr lh.,m, IB 
Sbraloa sculptor, who has fonnd in it a raatenal extremely »i* 
adapted to receive the admirable delineations of his chisel. 

Rom Peterson eastward to the IIudBon, and northwestward to 111 
New York line, the formation eihibiu little or no departo. e from M 
ordinary type, as respects its composition, structure, and tho direcwt 
andde»reeofdipofitsplanesofBtratilioation 

■Die upper or northwestern half of the red shale and B«ndilo« 
formation, extending on the Delaware, between the mouth ol * 
Loekatong and tne overlying conglomerate at Spring Milk, and to 
tween llie first trap ridge and the foot ol the primary bills in li^ 
country north of the Karitan, is nearly identical in compo.it.oti wilj 
the belt already described ; tlie chief departure from nuiK.rmity^ 
etmclnre in either distriet arising from the obangos indnecd by tK 
numerous ridges and dikes of trap to be presently considered. M 
berine in Ibis place to tlie plan proposed of presenting a brief .oonaU 
ofthe formation in the difi^renl portions ol its range, by selcoliMl 
few characteristic localities where the rocks are plainly dixjl'""' a 
their prevailing features nnaflected by igneous agency, let u» gJM« 
at the norlbwcstern belt of the formation beginning as beloro at UK 
end next the Delaware. ■.!„,«« 

To the west of the wide area of altered shales, composing the t™» 
called the Swamp, we find a jone of ordinary red shale and argl» 
ceous sandstone, in the prolongation of the Nockamixon rocks 00 tt. 
Delaware. Between Evittstown and Mount Pleasant these stratajn 
well seen under their nsnal type, dipping regularly and genUy tolM 
northwest To the southeast and east ol tvittatown an arenacM* 
variety of the sandstone aitords an excellent material for arcbilecttml 
nses. Approaching Baplistown, the rocks begin to manifest, li.f ' 
change of color and texture, their proximity to tlie trap dikes of m 

"From that neighborhood northeastward this portion of lie fowl- 
lion presents littfe that is worthy of record until wo reach Ibe eMBa 
side of the Konnd Valley Mountain. About a mile sontbweatofi 
White Horse Tavern, and nearly opposite the curve ol Out I 
Valley MMntain, there -cr-nri i r-tl,er •■■.gular n J;? of consid 
clevation, extending southeastward from the trap. On the Bontll'__^ 
of this Ion" ridge the beds of the red shale havo their prevailing g«f 
tic dip 10 the northwest, but imiuediatelj nfter crossing it, tow«I« 
the White Horse Tavern, there is a total change in the diteotiM « 
the dip which is to the northeast, at au angle exceeding forty dcgr». 
the change is sudden and strongly deiii.ed. This ridge, apnamiW 
forming tlie axis of dislocation, extending soutboaslward Irom 1" 
curve of the Konnd Valley Mountain towards the Earitan, the •«?• 
of dip in the strata gradually diminishes n« we proceed north, " <' 
wards New Germanlown, assuming a more emlent inclinalioo, "" 
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becoming, east of tho Lamiogton rirar, Uie aoutheatiem dip alraadj 
8p'>kcD ot*. 

In tlie vallev of the Passaic river, east and soiith of the trap ridge, 
called Long Hill, the shale and aandstone, ia many places, appear 
finely exposed for examination. They constttate an escarpment of 
eonm height on the Boatheastorn declivity of the hill, rising nearl; 
half way np the steep ascent, exhibiting great regnlarity of strati&ca- 
tioQ, anil an nndisturbed dip to the norlhwest, at an angle of fifteea 
degrees, directly towards the trap in the body of the hiU. In several 
Bp >t8 nlong tlie base of this ridge tlie shale lias snatained a change of 
sapect from the heating action of the trap. Being soft, fiiablo, and 
when wet, of a nearly olack color, it has given origin to a mistaken 
notion in the neighborhood, that these strata contain ooal, and hence 
many fruitless explorations have been undertaken here in search of 
that mineral. In fact, it is said a company was organized, and es- 
pende<1 $1000 in digging and boring for coal. A little geological 
knowled>re would have shown the absurdity of anticipating coal any- 
where in tills red sandstone formation. 

On the eastern bank of the Passaic: river, at a point abont a mile 
and a half above Chutham, where the Morris and Essex Kailroad 
crosses the stream, the red shale has been exposed to view in a qnarry, 
from which the building stone for tho viaduct over the river was 
procured. 

Beneath several feet of alternating bands of lead-colored and yel- 
lowish slate, lies a very extensive bed of compact red ahale, in thick 
and solid layers. This mass has evidently been partially acted on by 
the elevated temperature of the adjacent trap dike of Long Hill to 
its west. 

It is traversed by natural joints, generally several feet asunder, ex- 
tending parallel with each ottier fiom northeast to southwest, separa- 
ting the whole into immense blocks and tabular masses, which are 
readily cleft into pieces of any desirable size for ma3onry. In many 
places tho laitiince of the rock are somewhat contorted. Towards the 
hotlom of t^lie qnarry the materitil ac<}nireB more of the character qf a 
sandstone. Tlie dip is at an angle of bl^een degrees towards the west. 
On tlie same side of the Passaic, about a mile above Chatham, near a 
mill, the sandstone is again exposed to view by the eraaive action of 
a small tributary stream. 

At Lindsay's Mill, three miles sonthwest from Madison, denudation 
has exposed the rock in many places. It has the aspect of a thinly 
laminated shale, with layers of a bluish and vellowisii slate containing 
cubical crystals of snlpburet of iron. A yellowisli ferruginous sand- 
tone is also visible in one or two spots. 

Tlie indications at this place imply, that by removing the overly- 
ing shales a good building Btone,*whicb U much wanted in tiiis vicini- 
ty might be procured. Ine dip in some places ia slightly irregular, 
being in certain spots horizontal, and agam being directed eastward 
at an angle of not more than five degrees. 

A deep diluvial bed of sand and gravel covers the plait^ijeom Mor- 
rieton'n to the end of the ridge of trap which extends no- om 
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Green Village by Spring Valley, bnt west of tliis ontbnrflfoi ^ 
BEiidstone appenrs. la the vicinilj of New Vernon the red shale u 
often exposed, dipping generally at about ei:;ht degrees to tlie we* 
ward. Sotitli of the last named village the shalo and aandstone dis- 
play tLeir ordinary features, although they show in Bome places tracs 
of alteration from their proximity to the trap. The same roniarkft ap- 
ply to the vicinity of Basking Ridee. East from this place an d nortt- 
ward from Long Hill and Qreon Village there ia an extensive lerri 
tract called the Great Swamp, consisting chiefly of meadow, the rockl 
here being covered Ihrougbont by a wide deposit of diliivinin. 

North of Plainfield the red shale occasionally shows itself between 
the first and second trap ridges. A clay is found here of which good 
bricka are made. In the next little valley northeast of tbie, and Btili 
between the first and second belts of trap rock, and nortli of Scotch 
Plains, tlie red shale is well exhibited along the banks of the stream, 
presBuling a low but regular escarpment in the bill side. A'lont the 
middle of these beds of shale, and running parallel with them throngh- 
OHt the whole face of the rock, is a thin belt of limestone, a niaterul 
of unnsual occurrence, particularly in this central portion of the fitf- 
mation. 

It b thinly bedded in layers varying from an inch to six inches to 
thickness, constituting together a bed between one and two feot from 
top to bottom. 

On Ibe other aide of the stream, in the northern face of a deep ra- 
vine, a similar, in all probability the same, bed of limestone is eipoe- , 
ed for a considerable space. It is more massive tb»n at the other spot, 
being a solid seam between two and three foet in tbicknesE ; above it 
and beneath it occurs the ordinary red shale, the whole dipping to 
the northwest at an inclination of about twelve degrees. The apper 
beds of shale along the whole valley are here very regular, but in the 
bottom of the ravine above mentioned the trap seems to have iavsr 
ded the strata, inducing considerable confusion. Besides producing 
much alteration in the shale and sandstone, it has in places modified 
the limestone, giving rise to a mass of white semi-crystallized carboo- 
ate of lime. These unusual featuies, so easily understood by science, 
have led to several fruitless mining enterprises in this neighborbood. 

On the norlbwestern side of the mountain near the road from • 
paper-mill there ia a quarry of slaty sandstone fnrnisbitig an excel- 
lent flagstone. It is also used for tombstones, being both neat and 
durable. It exhibits signs of having been baked by an adjacent dike 
of trap. 

Following t!ie course of the Passaic from Chatham to the Bemi■ci^ 
cular valley enclosed by the Hook Munnlain, (laid down on the map 
ae Towakow Mountain,) we pass over a wide »nd nearly level tract 
of almost uninterrupted diluvium. But in the recess of the Hoo* 
Mountain the red sandstone sometimes appears along its southeast- 
ern base. 

About one-third the distance from its eastern to its western termi- 
nation there is a quHrry from which much good building stone ha* 
been procured, though the rock is rather thin bedded. Notwiihstand- 
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ii^ that it is in almoet immediate (Sootact with the trap of the Hook 
Itfountain, the sandBtone Appears; ^^ this place, to have nndeif^e 
Tery little change from igneous action, nor is the neaal northwest 
dip distnrbed. ' .■':/ 

w'est of the Hook Moontaia, between-' J^arpipany and MoatTille, 
and again at AfontviUe, we tind the red shale a6d>*^ndatone formation 
retaining its prevailing aspect and direction of (Hp, -'At Montville it 
ia overlaid by a coarse heterogeneoas conglomerate,'eo'mpdBedof very 
loosel J cohering fragments. 

The somewhat diversified character assumed by the Bhalo'Kifd.aitod- 
Btone near its contact with the variegated caleareons conglomerii^ of 
Fompton, near Ryerson's, has already been described in suffidEfct 
detail. Beyond this last-named point, to the State line, thsse rockB 
are occasionally exposed, but with no peciilianties of composition or 
Btrnclure demanding from ns any special description. 

The district east of the Ramapo river, for several miles ia exten- 
sively overspread with diluvial matter, imbedding nnmeroos boulders 
of primary rucks, the whole having evidently come from the elevated 
belt of primary hills and monotaina composing the broad chain of the 
Highlands lying to the west and north. 

Variegated Calcareous Conglomerates. 

Desariptian and Oeographical range. — ^This heterogeneous ttiouglt 
veil-characterized rock, may be regarded as a distinct formation from 
the group of red shales and sandstones beneath it, being the result of 
a wholly different train of physical canses. It constitutes the nppep- 
most member of the middle secondary series, overlying the red shale 
along its northwestern margin, not in a continanus belt bat in several 
insnlated patches that range in one general line near the foot of 
the primary hills. In almost every portion of its range the mate- 
rials of this I'ock are extremely heterogenoons, consisting of pehblea 
or w<iter-wom masses of all sizes, from that of a man's head down to 
that of a small pea, belonging to most of the older formations di»- 
covered in the r^on. A large portion of this very motley mass is 
made up of variously colored sandstone pebbles. Sometimes then 
is a considerable mixture of pebbles from the primary rocks, and, in 
certaiii parts of its range, the stratum consists, throngnont nearly the 
whole tijickness, of pebbles of limestone, firmly cemented by a lime- 
stone paste. Usually the cement or imbedding paste contains a sen- 
sible proportion of the materials of the red argillaceoas shale of thd 
stratum beneath. In fact, where the Baltimore and Ohio railroad 
crofrsea this rock in Maryland, the chief part of the cement is nothing 
else. This admixture of red matter in the rock in Kew Jersey is 
easily explained. The harder sandstones and the limestone have 
retained the fragmentary state, while the soft red shale has been 
reduced to powder or mud by the violent action which broagbt 
together this vast mass of water^wom materials. 

A large portion of the formation, in its course across New Jersey 
exhibits all the characters of the rock which forms th<" -"' ■" of the 




102 



GEOLOGY OF NEW JERSEY. 



vei^flP 




Hall of Representatives at Washington, and whic-h has receiv* 
name of the Putomac Marbl^. "\hc-mo8t Tiortlieastern locality o( lift' 
rock which occurs witliin tliS'&tatB is on the Rainnpo river, iieiir the 
village of Pompton. It'l^'tPficoable, in nil its ohvions featnr«-s, ini 
belt of more than ajulle'-jri length, piisaing in the immfdinte neigh- 
borhood of RyefsOp's. .* Here ita actual contact with the inlerior fiand- 
atone fortqati'inVM detected, and the ennfoimability of the roctt 
elearly ascSctaiiIi?d. Over the red satidstone rests a hed of ratlier tbia 
8iliciQift.\lqte, the np| er portion of which is soinewhat i-alcarentH 
aiid"inljfie"diate!ly npon Ihia repoees the very close conghnnerMte CfB- 
taipbig a pretty large share of limestone ]ielible8. This cfrcuiB near 
.die'RaniBpo, a mile to (he nortlieasl of Ryeisoii's. The dip of H' 
'whole JB to the west, the angle being between filteen and twcM! 
dejjrees. 

The conglomeaate is seen again, with tlie same dip, abont lialf ■ 
mile to the we&t of this, and conlifiuona to a ridge of gneisp, M-liich 
appears to have caused some local disphiceinent of the neigliJuTng 
strata. Tliis is upon tlie border of the idain through «hich tl'O R-oa- 
wood stream passes. It eceiiis allOfiether probalile that the difHcnitj 
of tracing the conglomerate more extensively in this quarter arist*, 
first, from the irregularities in the direction of ihc struta, cjineed bv 
the inlrusiun of the trap ; and in the next place, from the wiBtern 
part of the formation resting beneath the deep covering of dihiviiiiH 
■which forma these plains. At the spot last mentioned, the coitfilon!- 
efate was disclosed by some overcrednlonB miner in an excavali n for 
Bilver ore, led astray by tlie occurence of very minute cryetnls of 
yellow Bulphuret of iron. The rock is nearly all limeatone, awl 
specimens which have been polished prove exactly identical iir char 
acter with the Potomac marble. Tlie conglomerate is traceable aloi^ 
the side of the Ramapo river, near Ryerson'a burn, where it litu ihe 
same dip and general composition as elsewhere, though it is leee 
calcareous. 

The next place at which we witness nnequivocal traces of the formi- 
tion, is at the foot of the inclined plane, npon the Morris canal, at 
Montville. It there forms the abutmenta of a niill-dnm, whero it will 
be found to agree very strictly with the tlightly calcnre' ms variety 
which forme the lowest part of the stratum upon the Delaware, At 
Montville the pebbles are often very large, and consist principally 
of primary rocks and red sandstone, so tliat it would be usvli'SsRi 
attempt bumlug it for lime, although a more calcareous li'yfrnrtj 
possibly occur nearer the top of the stratum, or which is ihe smne 
thing, a little fnrther to the norlbwesl, ihat being the direction of ihe 
dip of the stratum at this jilaco. 

Another interesting belt of this formation is that which skirts New 
Qcrmatitown upon its northwest, in a tract perhaps half a mile vHi 
and several miles in leri<r|h, extending ue;irly as far north iis tlie 
Lamington river. At New Germantown it i>auahniist pure liioB- 
stone, and is somewhat extensively used for making lime. Tbi 
pebbles are of various shades of color, blue, yellowish and icd, mi 
much of the cementing matter is tinged red. It is BnscepIibIeof< 
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hi^H polisi), and constitntes a beaatifullT Tariegated cOngloinerttio 
xnurble. The dip of tlie rock in tbis portion of its range is stmewhat 
varioDS in its direction, bnt at a tiniform angle of abont twentv 
degFL-es. Tiie usual diameter of the pebbles is about an inch, though 
many are much larger. They are not folly rounded, but occaBionally 
exhibit el gee and angles, thoogh much bliinted and worn, as if by 
attrition. The saperpositlon of this rook to the red Bhaleor sandetone 
eeriea upon which the village of New Germantown rests, is very 
evidently sltown in its Ticmity. On the northwest side of the little 
valley which borders tlie town, we see the conglomerate ; while Dpoa 
the Gontheast sidti we behold, within a few hmidred feet, and dipping 
in the same direction and at the same angle, the northweetern edge of 
the red ehale. 

The relation of the calcareous conglomerate to the underlying 8tr»- 
tnm U well shown on the route from Fepack to New Germantown, 
east of the Lamingtnn river. The rocs is generally a siliceons con- 
glomerate or darse, arenaceons sandstone, with some thin layers of 
shale, all dipping at a moderate angle to the west and aonthweet. 

At New GtirmantuwQ, a little north of the village, the red shale is 
seen dipping westward, changed to a greenish gray color near the 
hrook by its vicinity to a narrow dike of trap. 

At the same spot an argillaceons limestone occurs, also dipping 
weetwai-d and occnpying a place in the strata a little lower than the 
red shale nearer the town. Abont a quarter of a mile to the north- 
east of the bridge over the brook are several qnarrics in a field east 
of the road, exposing the calcareoos conglomerate, which is here nsed 
for bariiing into lime. Some of its pebbles are very large, consisting 
of limestone of varioaa colors, a small proportion only belonging to 
other rocks. The cement is also highly calcareons. The dip of the 
stratnm at this place is west five degrees sonih, at an angle a little 
exceeding twenty degrees. 

Haifa mile northeast from this ia another quarry more recently 
opened, exposing a calcareous conglomerate similar to that in Ogden'a 
qunrry, next to be mentioned. The beds have a gentle dip towards 
theBouihwest. 

'''.ying aboDt three-qnartera of a mile still further to the northeaat 
is L^eu'i) quarry, at pre-ent the most extensive in the tract. The 
cement uniting the pebbles is at this spot generally very calcareons ; 
it is of a reddish color, and some portions are highly stained by the 
hiown matter of the red shale. The aspect of the rocks is singnlarlr 
diveraitied owing to the variety in size, shnpe, and color of the imbed- 
ded pehbles. Spt-ciiiiens may be obtained here susceptible of a beanti- 
fol polish, and affording an ornamental marble of considerable bean^ 
and novelty of appearance. The dip of the beds in this neighbor- 
hood is eastward, at an angle of twenty degrees. The conglomerate 
is not tuimd buvond Ogden's quarry, a high ridge to the east seeming 
to arrest it in tiiut direcrion. 
A)H)at two and a tialf miles to the northeast, on tbe Lamingtoo 

river a limestone appears, not, however, in the for " " conglume- 

rate, but resenabling that at Pepaek and Mend' belonging 
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evidently to Formation II. of the older secondary series. Bet 
the Lamington river and the valley of the Pepack this limestone it 
again buriai under a high riJge ot the arenaceous sandatoiie, wliiok 
in this neighborhood underlies at a ehort interval the calcareoui* OOK- 
glomerate. 

Tracing tlie conglomerate westward we find it next in a belt septan 
ted by a space of abont half a mile from the New Gerrnantovva trd<lL 
It commences on the Rockaway creek, a Httlc nortli of the road to 
Fotten>towD, and ranges near tbe foot of the gneiss hills for a distance 
of abont four miles to a point a little north of Lebanon, where it il 
intercepted by a low ridge of the gneies. 

In aspect and composition the rock here is very similar to that ai 
New Germantown, being equally, if not more calcareous, and tliertt- 
fore well adapted for burning into lime. It has evidently been mnch 
denuded, the gnrface being strewed with large, irregularly-^hxped 
blocks. The dip, where it can be noticed, is towards the northwest 
St a gentle angle. 

As the farmers of this belt of country along the base of the gneiss 
bills are becoming alive to ihe importance of lime in agriculture, a 
motive ia ftirnisheil them for discovering this whenever it may be 
found ; and little doubt exists that excavations will disclose it iu luanr 
spots where it is now hiilden by the superincumbent soil. 

Another small tract of this useful and curious stratum protected 
from the general denudation wliich has obviously removed eo lar^ a 
portion of it along t!ie base of the primary bilis, exhibits itself on the 
surface near a small stream about two miles and a half snuthwest of 
Clinton. Apparently inferior in order of stratification is a siliceoU 
conglomerate met with north of the stream. South of this there ofr 
curs a red shale exhibiting considerable local derangement of dip ia* 
clining to the southeast at an angle of thirty-five degrees. "" 

Alternating with this, and apparently underlying it, lies a cab 
eous slaty rock, also considerably disturbed ; tlie prevailing dip 
which is also rather steep, and to the southeast. It contains tliiu It 
era of moderately pure limestone. On the 0|iposite side of the stst 
and southward of the former beds only a few hundred yards, is 
calcareous conglomerate, having the same composition with that noi 
of Lebanon and New Germantown. Its dip is apparently to the 
northwest. 

Pursuing our course to the Delaware we nest meet the congloma- 
rate in a belt of more than a mile wide, between Milford and opriDg 
Mills, coming to the river nearly opposite Gallows run, it reato 
conformably upon the upper layers of the red sandstone which it 
joins probably about one mile to the northwest of Milford. Dipping 
to the northwest, or directly towards the eastern base of the lluaoooa 
etcoDg Mountain, its near proximity renders the conclusion curtail 
that it meets the strata of the hill in an unconformable position. 

Upon ihe Delaware, the rock which immediately overlies tlie ar* 
gillaceous red sandstone, and soft argillaceous shale, is aailicemi^oii- 

flomerate of great thickness, which is finely developed aluug the 
anks of the river for the distance of a mile, crossing tbe strike of 
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the beds ftt an Mate angle. TEie principal part of the pebbles in this 
portion of the formation are from the primary rocks, beine cbiefly 

anartz. They present a great diTereity of size, varying from the 
imeneiona of a pea to bage roanded massee, weighing from sixty to 
one hundred pounds, 

Higlier up the river we meet with anotlier conglomerate, the repre- 
■entatire of the true calcareoue variety, differing obrioasly iu com- 
poBition from that last doecribed, from which it u probably separated 
tiy intervening beds of red shale. This upper conglomerate is a less 
finely eemented rock, and includes a considerable proportion of oal- 
careouB matter, botli in the limestone pebbles and in the imbedding 
pa3te. The fragments are less rounded and water-worn than in the 
cooglomerate below. Somewhat angular fragments of a bluish oom- 

Eact limestone are frequent in the rock, while the siliceous mass ex- 
ibits but little corrosion from atmospheric asency ; this more calcar 
reons stratum presents on its surface a looee cellular structure, showing 
innumerable pita and cavities, from whence the limestone pebbles 
have been diseolved. A little below Juhnson's Ferry^ the rock near 
the road is thus greatly weather-eaten. 

This upper calcareous conglomerate rarely occnrs, except in the 
Deigbborhood of the regularly stratified limestoDe of Formation IL, 
along ibe base of the primary hills. It is in this position accordioglr, 
that we find it npon the Delaware, where i*B beds, obserring a gentle 
northwest dip, abot onconformably ngainst the highly upturned strata 
, of the older limestone reposing witli a steep southeastern dip upon 

the primary rocka in the flank of the MnBConetcong Mountain. 
, The mure calcareous variety of this rock, where the cementing 

matter is not too soft, affords a material of the highest beautv for 
ornamental uses ,- and it is a sobject of surprise that so Hltle has oeeu 
done to call attention to its numerous applicationa. The rock is fre- 
quently BO exclusively cumposed of materials derived from limestone, 
tnat it makes as good a lime by burning as many strata which do not 
possess the conglomerate structure. It has been in reference to this, 
Its mo»t valuable property, that I have felt especially solicitous to fix 
as nearly as poseilile the range which it pursaee across the State, that 
farmers in the northern portions of the red sandstone district, needing 
lime for the improvement of their agriculture, might be induced to 
seek it from this formation, which, when it is sufficiently oalcareooB, 
is of course the nearest source. 

The theoretical views re8p<;cting the mode of origin of these maues 
of calcareous and siliceous conglomerate which overlie the red sand- 
stone t'ormation, suggested by their various geological relations, will 
he presented in a subsequent section, after treating of the trap rocka, 
and tlie changes induced by them. 

To that part of the Geulogy of the middle secondary region I now 
proceed. 

Of Mfl Trap Rockt, and Phenomena evincing Igneous Aotion. 

Oeographieal range. — Between the Hudson and Delaware rivera 
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the middle aecoadary or red shale region is traversed in alongita ^inaJ 
direction, from north-northeast to soiilh-southwest, by a number f 
nearly parallel ridges and dikes of trap ruck, some of wliicFi xre 
of great lengthand nniformity of structure. Someof these are nearJj 
straight ov er a course of many miles, others are considerably cit ivvd. 
and several again are of a nearly semicircular form. The beif^ht '■: 
the larger of these belts is about fuar hnndred feet, while manj' liave 
not m(ire than half or even one-fourth of this elevation. In o-ie cla« 
of these ridges the entire hill consists of no other rock than tlic trap, 
the huge weathered maasesof which, covering the summit and flttiiki, 
impart ati aspect of extreme m^edness. In other instances, tht- pre- 
dominant rock at the surface is the red shale, indurated, hnked. and 
altered in color by the excessive heat tliat has been applied to it, while 
the trnp cither does not appear at all or has reachml the diiy od'j is 
a series of narrow dikea. The hills of the litter class have a more 
round and swelling contour than those consisting solely of thu tmp. 
and admit of tillaee to a certain extent. 

To enumerate the principal trappean belts of the region we aball 
comtjieiic'u on the northeast with tliat called the Oloater MonntaJa. 
This long range follows the western shore of the Hadson, from the 
Tuppant^ea to Bergen Point, presenting a bold,Bnbroken ridge, wliich 
overlooks the river in the lofty mural precipice of many milts' 
length, known as t]>e ir'alisadoes. The next hel's west of this are tlie 
two extensive parallel ranges, usually called the First an I Second 
Newark ^lonntains. They commence at the Pa?saic, near Paterson, 
and, keeping east of that river, pai-sne a course about Bonth-southwest 
almost U' its source, observing a nearly straight line until they ap- 
proach the Raritan, where they curve, tirst gently westwarl, a^id 
afterwanld more abruptly northwestward. Thu more eastern of these 
ridges k naually single; but the westernmost, eepecially near its 
southern termination, where it takes the name of Btony Hill, is in 
parts ot its course double or even triple. West of the Passaic and 
east of I'ompton river, Preakness Ridge, with ita spurs, which anited 
eoinpose a continnons belt of trap, having almost toe tw-m of a horse- 
shoe, eticirclee the Preakness Valley. 

l^Somewiiat similar in sliape is the next principal outburst of trfip 
rock called the Hook Mountain (Towakow on the map), whicn has the 
form of a nearly perfect semicircle, embracing in its concave the bend 
of the Passaic river, called the Uorae Neck. 

Stilt further to the southwest we meet several partial expoaiiree of 
the trap in the ridges west of the Passaic, n«ftr Bottle Hill, Oie n 
Village, and New VemoD, and in the more coatinHons bolt called 
Long Hill. 

If wc a<Jd to these the hill extending from south of Bnsk'ng Bidge 
to Piuukemin, immediately east of Mine brook, we shall havu inum- 
erated all the conspicuous elevations of the trap north of the Bai-iUQ 
River. 

Between the Ru^tan and the Delaware we have first the Rocky 
Hill rangL-, commencing, properly considered, on Lawrence's i>rook, 
east of ttie Sand Hills, and extending across the MillstuDO, north of 
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Kingelton, into Rocky Hill, which forma the other half of this belt, to 
its \7e8tern end. 

Almost in the prolongation of the Rocky Hill line of trap occar 
the hills between Pennington and Woodville, and apon the Delaware 
those called Smith's Hill and Belmont. 

^Xorth^est of Rocky^ Hill liea the nearly parallel range of the Rock 
or Suiirland Sfonntain, having the featares of a broad table land, 
raiher than of a ragged dike oT trap, its snperficial rocks being chiefly 
altered sb^ee. 

!N^e»r1y in a sonthweitern direction from the end of the SoaHand 
Monntain, the trap, probably of tlie same belt, ehowB itself near Rock- 
tow^n, ran<ring hence to the Delaware, where it constitutes the bold 
rid^e known as Goat Hill. 

lligher np the Delawiire, above the month of tne Alexaockin, wq 
find anotlier shorter belt of trap, showing itself near the river. 

The last principal outbarets of the roct towards the northwest, are 
the Round Valley Monntain, and the dike or dikes which traverse 
somewhat obBeur(.-ly the elevated table land styled the Swav^, and 
which are traceable from near Black's Eddy for several miles to tlie 
northeast. Several other narrower dikes exist, some of which will be 
mentiooed hereafter. 

Oompomiwn <Md Slmeture cf ths Trap, and its Relation to (At other 
Hocks. 

The ordinary aspect of the roet varies from that of a fine-grained, 
compact basalt, to a coarsely crystallized greenstone trap. It contains, 
in different localities, besides ita more essential components, horrt' 
blende, fd^ar, augits, and iitaniferoua oxide of iron, varioas other 
mineral^ of^more rare occnrrence, such as epi^tty pnhnite, aeoUte, 
etilbite, analoime, and datholite. 

The r<>ck to which we have here given the generic name of trap, 
con-iflta in reality of several varieties, differing somewhat in compo- 
sitim, the more important of which it m'ly be proper to deseribe. 
Its essential constituent is fdspaT, which is united in smne cases with 
hornblende. It then belungs to the class of rocks denominated ffreenr 
atones. In other instaooee the felspar is associated with auffite, a very 
commm ease along the Delaware ; and this mixture is a troe dohrite 
rock. Again we find it eonatitnted of felspar, angite, and the titaa- 
iftjrons oxide of Iron, a composition which entitles it to the name of 
basalt. This basalt, however, often contains hornblende, as we may 
heh'ild in the rock of GK^at Hill. A fourth variety, of more rare 
occnrrence in New Jersey, is the kind called ioadstone, an amygda- 
loilal trap, composed of a vesicalar cement or paste, nsnally of bne- 
graino'l, rather earthy basalt, embracing small spherical or ellipsoidal 
cavities, occupied by eztraneons minernTe. A trap rock of this cbar- 
BCtir occurs in the ridge north of Scotch Plains. 

Tne crystalline atrnctare of tlie^ tntppean rocks is no less varioas 

than their comixisition, presenting every gradation, from that of a 

, homogeneous paste, iu wfaioh all traces of a distfoct grain disappears, 
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to s coarBely granular aspect, in which wfl may plainly detect tl» 
several coDstituont mineral. The same rid»e or broad dike frequent)/ 
sbowa all these shadea of crystallization, disclosing usually the tnort 
cotupact varieties near the outskirts ol the belt, aud the cooBpicuoiuI/ 
granular kiads near its centre. 

The structure of the trap is usually that of a massive or amorphooi 
rock, destitute of any greater regularity iu its divisional j')inu itiu 
Buch ft3 DCCiieion a prevalence of the cubical and trapezoidal form a 
the blocks into which it separates. But, in some instances, it displaji 
an approach to the ic'(^(2i?a structure, as if, while in the melted elMt^ 
layer liad flowed over layer in a nearly parallel arrangement. Ttik 
nay be seen at several localities on the Delaware. In oilier cata, 
for instance at the Little Fulls of the Passaic, we fiuJ it assuTiiiDg ib* 
true basaltic cliaradtcr, separating into regularly formed perpendicuitt 
prismatic columns. At tlie same locality the lower portion ot tba 
mass of trap has the ^heroidal structure, being a confused assemblage 
of concentric nodules. 

Almost every relation which igneous rocks ever present to the strati 
intersected by them, may be witnessed in these trappean belts of Hie 
red sandetone region. But the usual modes of position are, first, 
■where the trap reposes unconformably upon tbe secoudary struia, m 
nay bo Bcen in a number of interesting exposures; and secondly, 
where it intersects or traverses the strata in nearly vertical dikes, c>>d- 
ceived from the known volcanic nature of the rock, to exist in every 
trappean ridge, hut only occasionally disclosed to observation. 

That the trap ia of posterior origin to tlie red sandstone form jtion 
which it overlies and intetsecis is obvious, but at what precist; e}>OGli 
we are to supjiose it to have been etruded to thesurfiice, and whether 
all its numerous outbui'sts were contemporaneous or occurred at aac- 
cessive periods, are points open to discussion. Afier reviewing all 
the phenomena of igneous action in the region, we shall touch upmt 
these interesting questions. 

Throughout tlie whole district where the trap abounds we notice 
instances of its superposition to the stratified shales and sandetooei 
through which it has burst its way to the surfuce. Intert^sting proo& 
of this occur along the shore of the Hudson, at tbe eastern biise of die 
Falisadoes, where several varieties of the sandstone are visible Qeai 
the water's side, dipping at a gentle inclination westward and into tha 
ridge. The same thing is well displayed in tbe bed of the Faasaie 
river heluw the falls at Patersoii, the trap reposing over the wciierly 
dipping; beds of the sar^dstone and presenting some curious evidences 
of its having reached this position while fluid, and iu a state of in- 
tense ignition. 

Of the Local Features of the Trap and the Alterations induced by 
it on tlie Adjacent Strata. 

I now proceed to a particular account of some of the more strikill 
features of these injected dikes, and of the modifications they " 
produced in Iho coniiguoua stratified rocke. Many of the>e changi 
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in tlie texture, contents, aapeot and properties of the neighboring 
rocka attributable to the intense heat originally impartfld by the iq- 
trviaive trnp, are of a kind familiarly notieed in' the vicinity of igne- 
ous vuina and dikes ; bat there are sonie which I shall have occaBion 
to describe, tliat are of a less common character, and which tend, by 
the viewK connected with ihem, to corroberate some fimdamental 
doiitriiie^ recently advanced by geologistB. 

Ti\e first Newark mountain is an elevated range of trap, displaying 
in many places south of Paterson fine maral escarpments of conaidcra- 
hle liei^'it, especially along its eastern side. The face of these cli£^ 
is often remarkably smooth and regnlar. Near Faterson the trap rock 
is aeen at tbe Falls of the Pasaaic overlying the red sandstone, which 
displays near tbeir contact a modification of atrnctare not nnosnal in 
sucli cases. 

Tlie interesting waterfall at this spot, seventy feet in height, is caus- 
ed liy the dike of trap which crosses the river in tbe form of a fine 
natiir.tl ilam. The entire mass of water precipitating itself over the 
br ink of tliis dam paeses first into a lateral cleft or chasm in the dik^ 
and thence descends into a deep pool or basin, which it has excavated 
fo ' itiielf in the sabjacent softer sandstone. The trap rock of the 
cliffs around presents a strong tendency to the columnar stmctnre. 
Witliiii H few yards above the level of the river, beneath the falls, we 
belioid the junction of the igneous and the sedimentary rocks. Be- 
tween the true trap rock above and the altered sandstone below, there 
occara a mass of five or *ix feet thickness possessing the structure of 
a toidstone or amygdaloid, enclosing geodes filled with prelmite, an- 
alcime, zeolite, and several other mineralfi.- Immediately beneath 
this we discover a layer of the sandstone a few inches in thickness, 
bearing all the marks of partial fnsion, being filled with small vesica- 
l;ir cavities, aa if from the extrication of steam, and looking like an 
overbaked mass of brick or pottery. 

At a gorgti in the same ridge near Plainfield the rock departs some- 
what from tis ordinary aspect, being eaaily splintered, rather metallic 
in its lustre, and containing freqnent streaks or fine linee of the red 
oxidu of cojiper. Near another notch in the mountain a little north 
of Sco'ch Plains, a credalous miner seeking for the precious metals 
has diBulosod an interesting mass of cellnlar or amvgdaloidal trap of 
a peculiar light yellowish green color. In this neighborhood minertds 
of the zeolite family are frequently foand. 

Wiiile mentioning the thin seam of limestone in the narrow valley 
of Greunhrook, between the first and second trap mountains, a few 
miles north of Scotch Plains, reference lias been already made to the 
changes induced by tbe trap of this locality both apon tlie limestoDd 
and tlie red shale. 

Tlie next belt of tbe igneons rock towards the northeast worthy of 
special mention in this place, is that called the Second Newark 
Mountain. Where this ridge crosses the Passaic river, forming the 

fsrge of the Little FalU, the stmcture and relations of the rock are 
nely developed. A little below the Falls, the .trap is seen i^ '"— -* 
contact with the red sandstone, overlying it in a mass fronr 
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five to thirty feet in thieknesB, aod pre eenting a ratlier niiusua) appem 
aiice. The lower portion, about fifteen feet iu tiiickuess, reetin^ 
immediately on the stratiJied rocW, is nu asaemblage of irregnlir 
Bpliei'oidal balls of a eomewhat concentric structure, traversed in i& 
direciions by Bmall fissures or j[jint8; externally these are of a raiba 
rasty hue from atmoBpheric action oxidizing the iron iu the rock, bm 
wlien hoken they show a dark, iron-grey color, with a Bouiewlui 
metulliforous aspect. The material filling the interstitial portion 
between tlia balls, is a darkculored, close-grained, very earthy baeait 
It sometimes iuctndeB crystalline qaartz of various colors ; ainoK 
otljera the amethystine and Btnoky varieties. 

Above this confused mass of nodnlar concretions, the rock nssaiuo 
the trne basaltic structure, exhibiting regular coluiutiar prisou. 
beanlifully symmetrical, extending up to the Buperincumbent eoii. 

At this locality the Irap rock includes crystals of prehnite, slilite, 
carbonate of limo, and other minerals. 

SomervUU Trap liUge and Brid^ewater Copper Mine. — The next 
point on this first belt of trap at which we meet with any pheoomem 
of a specially instiucti^-e nature, is in the neighborhood of Soinernlle, 
where tho ridge has curved round to assume a northwest course. Iu 
the various excavations of the old Bridgewater copper mine, we ha« 
an opportunity of beholding the action of the trap upon the rock inw 
which it has been intruded. 

At this mine we have ocnlar evidence that the igneous rock ubaei 
through the strata through fissures i>f contracted width, when com- 
pared wilh the base of the ridge which it constitutes. 

A level extends froui.a shaft near the southern base of the ridge in 
a north direction, towards the centre of the hill, or beyond it reacb- 
ing upwards of seven hundred feet. Tiie rock which it chiJfly trs- 
verses is the red ehale, not much affected in structure by the Inp 
which overlies it in the hill, until wo approach very near the point of 
contact of the two materials. The reluic matter at the month v( the 
gallery of the mine itself, shows that very little genuine trap wis 
intersected in cutting this tunnel across the stnita. 

The copper ore, which was the object sought, was found cbieftj 
adjacent to the slightly altered sliale, or litimediately before it becom* 
excessively changed in structure, near ita contact with tlie trtp- 
This intertsting circumstance of tlie position of tho ore, which em- 
bracos principally the carbonate, red oxide and silicate of copper, if 
by no means i:onfined to the locality before us, but seems to prcvaU in 
relatiun to all ihe explorationb of any muguitude hitherto made fiK 
copper within the State. The theory of the origin of these oros, 
suggested by this and other facia, will be presented under anotiier 
head, when the copper mines have been specially described. Tlie 
ore, as in nearly every copper locality in the State, is connected ffitli 
no true giuffue or vein stuff, implying a genuine metalliferous lodeor 
vem, hilt is diffused as if by sublimation through the altered red 
shale, filling or lining its minutest fissures, and presenting, therefore, 
a largo surface of bright green ore to the eye, wliile the metaliferom 
coating is in reality extremely thin. 
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Deei^er in the hill, there occurs a more highly sitored variety of 
the red ehale, but this is nsaally destitute of metalliferons matter. 
In external aspect and Btrnctnre it resembles somewhat the trap rock, 
but its textnre and composition show it to have been the stratified 
ehale chriDged by heaL Its fracture is conchoidal, very nearly resem- 
bling thnt of the trap, and it has the same tendency to form numerons 
sphf^rical balls. 

New Brutuioick. — The next locality which deserves description, 
belongs to a more eastern belt of trappean injections. This rioge is 
one and a half miles west of New Brunswick, of gentle elevation, 
composed principally of red shale, apparently underlaid in part by 
trap rock, Tlie shale has an altered color, and in some of the higher 
parts of the hill, the trap obtrades itself at the surface in loose trag- 
ineiits. At one point in the immediate vicinity of the trap, there 
occurs a considerable quantity of the sulphate of baryta, scattered in 
detached pieces over an area of perhaps a fourth of an acre, which is 
nearly barren of vegetation. Precisely the same circamstances exist 
in a locality of the same mineral, in Bucks county, Pennsylvania; 
tbe sulphate of baryta lying adjacent to the trap, and giving rise to a 
remarkably sterile soil. 

Ill some deep borings made at New Brunswick, in search of water, 
it is evident, from the description given of the materials which were 
encountered, that more than one nu:row dike or perhaps" i^ of trap 
rock was met with, whose outcrop on the surface has not been de- 
teott-d.* 

Jiocky Hill and ita Prolongation. — The next trap belt, interesting 
from the phenomena connected with it, is that of Rocky Hill. Oom- 
tnoncing at ita eastern termination, near Lawrence's brook, we observe 
the shale on both sides to assume, as we approach the dike, a bluish 
color, and an extremely compact strnctnre. On the southern declivity 
of the hill it is of a purplish or chocolate tint, and excessively hard 
and tough. It is studded throughout with small spherical knots or 
crystalline nodules, consisting apparently of tlie minerals epidote and 
hornblende, in a state of incomplete crystallisation. This belt of 
altered shale extends from a point about tialf a mile sontheast of the 
straight turnpike to the Millstone river, which it crosses at tbe foot of 
Bocky Hill, near Kingston. The changes induced in the whole 
liilioid character and structure of the shale, by the intruded igneous 
rock, are very finely exhibited along the canal, at both the Dortbera 
and southern bases of the Kocky Hill dike, evincing a curious grada- 
tion in the crj-stalline action, as we approach the trap. 

Xear tlie southern base of the ridge, the red ar^'illaceoue sandstone 
dispUya the series of changes already noticed, its color becoming 
deepened, and dark crystalline knots or kernels abonnding in it ; we 

* 1 HMT bare mentloa, u uldtng another localitj to the numeroaa ones klreadj obeervad, 
both in Europa uid thli couatry, ahowlDg tbe Idctmbb of the earth's temperMure m V9 
deecend, that in one of these artesian welU. the water derived from a depth of 17a feet 
being 52 ° Fabr,, npon reaching a depth of STD ta SOO feet, it« temperature iraa H » 
Fahr, This last is exactly the permanent temperatnre of a fine oatoral — '~~ ~'hich 
Inuu (rom the aide of a liill almnt a mile tontbeaat of the town. 
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then come to the trne trap, wbich, at the river, ie not wide. Imm» 
diately upon the northern aide of the trap, the EaDdetona rock n 
appears, wiili ite usual dip to the northwest, but presenting somen 
murkable moditicationB. These may he seen opposite the toU-bonit 
at the village of R<>cky Hill, upon tlie cniial, in a quarry onu bundrtj 
teot to the north of the trap rock. The inclination of the strata Ijeiaj 
not more than 15°, the lower beds in tlie quarry cannot be fifty fee 
remote from the subiiicent trap. They are fille'l to sncli a degrw 
wiih vurioua crystalline matters, and ehuw therefore so mucli io 
equality of compositiun and hardness, as to be unfic for building stoM 
As we descend in this quarry, the rock departs from its character of i 
sandstone, thungh at a certain depth the change of texture is preciselj 
that which is deairable in a materiitl ordinarily too easily acted on bj 
the weather. About one hnndred leet from tlie trap, the rock has Hit 
condition of a very close-grained, compact, and reddish, or piirplisi 
sandstone, of a eoniewliat argillaceons texture, whilu it is fall of daii 
spheroidal kernels or nodules, of a radiated Btnictnre, of the dimen- 
sions of a pea or !ess. The nature of the mineral is rather obscure, 
from the aosence of all definite crystalline cliaracter. This etramm 
is a very durable rock, and ie extracted in regular masses, fnrnishine 
a building stone which is in considerable requtat. In the middle of 
this stratum, there is a thin bed, four feet wide, which seerus origi- 
nally to have been a sandstone containin? much felspar. It is full "f 
small irregular cavities, the sides of which are stndded with a black 
mineral, crystallized in regular prisma. This is schorl, regularly and 
perfectly devehiped. Numerous fissures or joints in the rocks aw 
occnpied with the eaine black mineral, which is always highly crys- 
tallized. The rock of this bed is rejected as a building stone. Keaf 
the top of the thiuk stratum, of which this is but a narrow layer, the 
rock acquires a less allere<i aspect, being redder, softer, and haTing 
less of the jaspery texture, but coutiiiaing kernels of pure epidote, 
well developed. This variety extends from where it first shows ifaelf, 
■which is from the trap, about one hundred and fifty feet in the thick- 
ness of the stratum, to a distance of a fourth of a mile, where it '* 
well exposed, being excavated at another quarry. It gradually and 
regularly acquires the ordinary unaltered features of the red sand- 
stone ; but is even in the second quarry remarkable for the distinctnM 
and size of the greeu spheroidal masses of epidote. The degree of 
baking which it seems Io have received even at this tiistance from 
the tiap, has given it a closeness of texture which fits it finely for 
purposes requiring a durable building stone. Near the same quarry 
the rock contains a narrow band of nearly pure epidote, about an 
inch and a half thick. Beyond this second quarry, towards Griggfr 
town, the rock soon assumes its usual soft slaty texture and deep red 
color. 

The zone of altered shale, having the structure above described st 
the Millstone river, extends particularly along the northern flank and 
base of Rucky Hill, to its western termination, rising high on the 
'ape of the lidge, whose soutliern crest alone contains the trap. 

North of Princeton the southern belt of the altered rock lies in ' 
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lower ridge, parallel with the ridse of trap, bnt separated a little from 
it, the interveuing depression having resulted from the comparatively 
easy disintefiratiou of the highly altered rock lying in contact mta 
the trap. When we trace this belt of discolored shale westward, we 
fiud it disappearing before we quite reach the termination of the 
promiueat portion of Itocky Hill, whose actaal termination is, liow- 
ever, mnch beyond the point indicated on the map. It forms, in 
fact, a continuoDB thoagli irregnlar chain with the trap hills east of 
Herbertstown. 

Near the head of Jacob's creek, at the ahrnpt termiaatioQ of one 
these trap hills, tliere is an old mine, where excavations to some ex- 
tent bave been made in search of copper ore, the rabbiab discharged 
from the diggings showing some traces of that metal. 

The Game series of neafly continaoos dikes extends to the Dela- 
ware, forming two cocispicuuns elevations near the river called Smith's 
Hill and Belle Mount. In tliia western portion of the belt the trap 
has produced effects on the shale and aandstone similar to those along 
itoeky Hill. Upon Moore's creek the strata are much altered, having 
a dark bluish or purple color, and being excessively indurated. 
Their nearly black hue, when wet, has led to the notiou that these 
shales are the dark carboDaceons slates of a coal formation. 

In the hill called Belle Mount the the trap rock is well exposed, 
having been excavated In making the feeder of the Baritan canaL 
It posBes&es less of the basaltic character than belongs to much of the 
trap in the Newark ranges. It is of a gray color, rather coarse texture, 
ana consista of a large proportion of felspar, united with augite, and 
is therefore a true dolerite or augitic trap. Some portions contain 
hornblende instead of the augite, being in these cases the rock called 

freenstone trip. These two varieties are distinctive of nearly all the 
elt3 of this rouk in this neighborhood, including the important one 
of Goat Hill. 

Sourtand Mountain. — The next zone of trap and altered rock 
which claims our attention is that of the Sourland Monntain and its 
prolongation, Goat Hill, This lies northwest of the belt juat describ- 
«d. Viewing the general topographical features fo the Sourtand 
Mountain, and the wide plain of red shale and sandstone around its 
base, from any part of the Somerville trap ridge, distant several miles, 
we are led to some interesting reflections regarding the small degree 
of violence which has accompanied tbe protnisiou of the trappean 
rocks of this region generally. Standing on the large rubbish banks 
of the old Bridgewater copper mine, where we are elevated scarcely 
one hundred feet above the general surface of the wide level tract of 
red sandstone spreading to the south, southwest, and west, we over- 
look the country for a great distance, and behold the Sourland Hill 
rising like a broad, solitary island from the smooth surface of the ex- 
tended plain. The very features of the scene are enongh to indicate 
the absence of any great convulsive disturbance of the strata during 
the onlporing of the trap, which aeema to have made its way to the 
surface through a series of long and narrow ;§gsn res, produced by the 
mere gaping asnnder of the rocks, and "*■— ■ :n some region^, by 
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enormotis verlical disruptions and irregular aplifting movements, im- 
parting iiivarittbly ft broken or nndulating cootonr to tho scene. 

In (lnHiM rland Mountain the trap rock U confined chiefly to its brot: 
rounded sninniit, forming the axis of the liill ; while, from this poaitioi 
to beyond its daso, reposes, on each side, in nndistnrbed and regnit 
stratification, a thick oelt of theindurated and baked shale. On tt; 
northwestern flauk of the mountain, towards Fla^igtown, the rock ii 
some places shuvs striking evidence of the intensity of the igiief-oi 
action, for it baa all the aspect of the fused alag or cinder of a fc: 
nace. Portions of it are excessivelr hard and tongh. At the batt 
near the northern terminationof the hill, the sliale still manifests a gre^ 
degree of induration ; itiaofa bine color and compact grain, bnt retaict 
its slaty BtructureRufficiently to fit it excellently for flagstones, for whicl 
it is quanicd. The conditioD of things in and around the Soarlan^ 
Mountain is well seen by crossing it northward from the little village d 
Hopewell, niarite soataeastern uase. Immediately north of UopeweS 
we pass over a rid<;e of little elevation, at tho base of which is a liglit 
gray arenaceous sandstODe, easily disintegrated, containing both the; 
micHceoDs and brown oxides of iron in considerable abundance. TU 
snmniit and n'>rthern declivity of this low ridge consist of bine sbalet 
somewhat indun\ted. Crossing a narrow valley to tbe soatheaeteni 
foot of the main Sonrland Mountain, we find its entire elope compoeoi 
of the shale in a liiglily altered state, being blue, compact, and gi'eatW 
indnrateii. It is excessively tongh, diflicnlt to fracture, and produce 
a clear, ringing Etound when struck. The loose masses ofleD exhibit 
externally a ui-enliar glaxedjaspect, analogous to that npon the sarface 
of some kirnJB of slag. These altered strata extend to the highest 
parts of tho inountoin. Crossing a slightly depressed belt the trap 
rock next displays itself, and contmnes to the northwestem declivity, 
where it gives place again to the altered rocks composing the other 
flank. Tlie whole monntain is thus formed of a series of nearly- par- 
allel elevations, with more or less considerable intervening depressione, 
or valleys, which are by no means regnlar, the single axis of trap roct 
occup>ing a nearly central position. 

In the eonibwest prolongation nearly of the Sonrland Mountain we 
find the same, or rather another, almost continnons and parallel dike, 
which passes a little sonth of Rocktown, and thence to tlie Delaware, i 
making there the axis of Goat Hill. This elevation ranges aboat half 
a mile southeast of Lambertsville, and crosses the Delaware in u 
oblique direciion, appearing on the Pennsylvania side, below New 
Hope, where it clisplayB some interesting phenomena. Along the 
north western base of this ridge, on both sided of the river, the strata dip 
08 usual, bnt arc ^(fleeted in a striking manner in their strnctare and 
comjiosiliori for itt least a fourth of a mile from the trap. In Ibe 
qiiariy northfa-^t of Lambertsville, we discover the commencement of 
tlio change. There the red sandstone, varying but little from iti 
ordin:iry clor, and being only rather more coQipact, contains a mul- 
titude of the hirgi! spheroidal nodnles of pure green epidote, many of 
which are iit least an inch in diameter. They seem not to bs distri- 
buted promiscitously through the rock, bat to be arranged somewhat 
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1 layers, parallel to tbe pIflDea of the strata, thoDgh they are often 
3veraL inches asnnder. Two or three hundred feet nearer to the 
rap we find the rock darker and harder, and the number of nodnles 
jeatly aagmented, though thej are generally of macb smaller size. 
?he common color of the rock ia liere a verj dull purplish bine, and 
bat of the included nodules a dull blnck or a deep blue. Tbej are 
if all sizQR, from minnte specks to the dimensions of^a lar^e hazle-nut, 
ind possess every shade of distinctness contrasted with the material 
inclosing them. Thej seem to consist of some imperfectly formed 
nineral, apparently toarmaline in a semi-crystalline stute. These 
iplierical nodules or specks are oftentimes surrounded by a crust or 
coating of another material, usually nearly white ; and I have 
*emarked, that the more obviously formed this crust appears, the 
more crystalline or fully developed is the interior kernel, wiiich, at 
this spot, seems to approximate in its features to black schorl or toar- 
maline, A few hundred feet nearer to tbe trap, or almost at its base, 
tbe rock presents a still different aspect, being of a dark-gray Ime, 
and somewhat coarso-grained. It seems to Lave been a sandstone, 
containing little or no clay, as it has nothing at all of the baked 
jaapery texture of that previously described, which has plainly been 
either a shale or a very argillaceous sandstone. This grny rock is 
speckled with innumerable small crystals of very regularly furmed 
tourmaliTies, some of which are more than half an inch in diamete'r. 
Upon tbe opposite side of the river, below New Hope, we meet with 
very nearly tne same order of things, except that the rock containing 
the completely formed tourmalines is absent. 

In one thin layer of tbe altered red argillaceous rock on tbe Penn- 
sylvania side, the mass, which is of a pinkhue, contains, blended with 
the crystallized epidote, some minute but perfectly formed crystals of 
a mineral, apparently idocrase, of a beautiful wine color. . 

The altered belt here described, ranges northeastward from the 
river for several miles, being continuous, tn fact, with that already 
epoken of, which forms ibe northwestern flank and base of the Soni^ 
land Mountain. About a mile southeast of Mount Airy, the blue and 
purple shale contains an abundance of epidote in oblate spheroidaH 
concretions of very regular shape. The average breadth of the belt; 
is very considerable, amounting at least to a quarter of a mile. 

West of Kingoes the shale in some places exhibits a considerable 
degree of change from its proximity to a bold dike of trap which 
ebowB itself in a mil above the mouth of the Alexsockin creek. In cryar 
talline strnctnre this trap departs even more widely from the fine- 
grained basaltic variety seen in the hills near the Passaic than does 
tiiat of Goat Hill and Belle Mount, lower down the Delaware. It is 
coarsely granular and crystalline, consisiing chiefly of a yellowish 
white felspar, traversed by bladed or elongated tabular crystals of 
greeu hornblende of considerable size. Much ot this rock bears indeed 
a closer resemblance to some varieties of sienite than to ordinary trap 
rock, exhibiting tbe justness of that generalization laLi^)' makes the 
trappean family of rocks to inclnde those sienitep 'compos- 

ed of the two minerals, felspar and hornblende Ms belt 
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of trap and tlie Alexsoekin creek we find a disturbance in the ditt^. 
tion tif ihe dip, being tlie only irregularity of this kiud of any inag^ 
tude ill the whule red eandatone region wliich is referable to the pr:- 
truaive action of tlie igneous rock. On tlie ftontheaatern aide of tl- 
dike tbe t'tratn of sbale and sandBtono are in Bome places much cm 
torted and broken, bat their prevailing dip is towards the Bonthcas: 
or directly opposite to the usual quarter. This contrary order of t^' 
dip througlioiit the district along the Raritan and its north branch! 
attribute to the peculiar direction taken by the carrents which ptr 
cipitated these sediments in this portion of the basin, aad not to an^ 
npheaving force. 

I have already, when describing the siveral zones of the red shit 
and sandstone format!' >n along the Delaware, mentioned the alterK 
aspect of the strata over the wide tract called the "Swamp," the get 
eral limits of which were at the same tiino defined. With the excep- 
tion of eome occafiioiial exhibitions of ilio trap rock, particularly ic 
the vicinity of the southeastern margin of that table land, the onh 
material generally visible upon its surface ia the highly indnrated aui: 
altered shale, the igneous matter itseit' having apparently in but fes 
instances reached the day. Along the Delaware, however, about twt 
miles above the mouth of the Lockatoiig, and nearly opposite tht 
moulh of the Tohickon, near Black's Eddy, the trap appears on both 
sides of the river in a somewhat mas-ivc dike. On neither side o: 
the Delaware does the trap appear at tho surface on the top of Um 
ridge or table land, and would never have been exposed but for the 
denudation which excavated the deep channel through the rocks bj 
which the river now flows. The existence of the trap rock under 
these circumstances lends confirmntiou to the opinion already implied, 
that the induration of the strata in many of the broad belts described 
is the result in part of the heat propagated from masses of igaeooi 
rock which have never reached the surface. 

Regarding this conclusion as almost demoDStrable from the phen- 
omena, does not analogy furni!^h us ground for the interesting doc- 
trine which attributes the crystalline structure of gneiss and other 
stratified rocks of tlio primary cla^s to the modifying influence of sub- 
jacent bodies of granitic, and other igneous matter intensely heated, 
acting upon sandstones, slates, and slmiliir aedimenCary strata} 

Reviewing the several facts presented in the previous descriptioB 
of the pi'iiicipal belts of altered shitte and sandiitone, we liud many oi 
them of a kind calculated to add weight ti> this hyoothesia. 

In the great thickness of the zone of e'.rats throughout which sucb 
remarkable changes have been induced in the texture, and even the 
molecular structure of the roik by the heated trap we have evidence 
of the magnitude of that canae which, when exerted in far greater in- 
tensity and universality upon the Ecdiinontary deposits of the earlier 
periods of our planet, may have been fully adequate to produce tbat 
more entire change to general crystal I IzLition, which the metamor- 
phic theory assumes. A curious and importaut proof that the modifi- 
cations in Ihe strata described have res'ilted wholly from the Ligli 
temperature of the molten trap, is to he found in the circumstance 
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it all the indications of alteration or an approach to a eemifasion 
the moes angment regularly as we approach the dike. The crys- 
liiie nnclei, first extremely minute and faintly marked, became 
o2;resBively larger and better defined, aBsnming when within a cer- 
in, thongh still considerable distance, all the characters of a fally 
vetoped mineral, possessing in some instances the strnctnre of a 
irfectly regular isolated crystal. As this gradnal segration of cer- 
in specific mineral combinations increaaea we notice a progressive 
)Utcration of all the ordinary features of the rock. 
Another highly interesting point is the intimate connexion, chemi- 
illy, in every inafance, between the composition of the stratum acted 
1, and the ^ecies of mineral secreted. Thns in all the principal 
calities of the epidote, we find the red siiale containing by analysis 
1 the conatitncntB essential to that mineral, even the lime. More- 
rer, the red sandstone, eo asually destitate of lime, is singularly 
Qonsh the stratmn in which the tourmaline, a mineral not holding 
nylime, abounds. 

W here the rock has been a calcareous and very argillaceous red 
bale, the mineral produced has invariably been cpidote, the ingre- 
lienta of which are silica, nlnmina, lime, oxide of iron, and a little 
aanganeBe, the five prevailing constituents of the red shale. On the 
>thcr hand, where the rock has been originally a somewhat more 
irennceons compound, such as usually goes by the name of argitla- 
;eous red sandstone, a triple mixture of alumina, silica, and peroxide 
of iron, there we find, in place of epidote, a profusion of black tour- 
malines, the coinposition of which, as analysed by Kloproth, is forty 
alumina, thirty-five silica, and twenty-two oxide of iron. 

There are several other imperfectly crystalline minerals sometimes 
associated with the above, but I have not yet found time to investigate 
their composition and probable origin. 

A careful examination of the altered rocks near the trap wonld. 
I doubt not, resnit in much nseful information of a strictly practical 
kind, in reference especially to a right selection of stone for purposes 
of architecture. I conceive that the very best varieties of building 
rock in tliis region of the State, will be found in tlte indurated strata, 
contignoua to the ridges of trap, where the baking process has oblite- 
rated the slaty cleavage, and destroyed that SLift fiiaole texture which 
usually renders so large a portion of the red sandstone of the district 
of no value. As this section of the country is not well supplied with 
building stone capable of withstanding the weatlier, the hint that 
durable varieties abound near the trap ridges, may prove of service. 
From what has been said, it will be seen that tlie most probable posi- 
tion for the better kinds, is neither too near the trap nor too remote 
from it, but is indicated by the amount of baking, which the rock 
appears to have undergone. This shoold not be too great, lest the 
rock be very liard and difficult to cleave into regular blocks; nor yet 
too little, as it will then be soft enough to be operated on by the 
frost. Wben a rather conipuct and extremely durable kind is songht, 
I would suggest that it will usually occur within one or tv "■*" -t 
feet of the trap, and may he known by a bluish or dull - 
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and b; a mnltitude of dim ronnd apote, the oommenoemeDt, as it were. 
of the crystalline nodulea. On the other hand, when a rock of ratbsr 
softer variety, but cleaveable into larger blocks, is desired, then I 
would propose the beds rather more remote from the trap, wbere the 
stone retains a pretty bright red color, and contains large, folly formetl 
nodules of green epidote. 

It is not asserted that these altered strata will always appear bor- 
dering tlie ridges of trap ; but I find them in frequency tar greate 
than iniglit be e.xpecti>d, and their importance therefore, is consider- 
able. By following the base of a range of trap, though we may no: 
at once meet with any rock of that exact degree of induration whici 
we Eeek, we cannot pursue the search far in the longitudinal direction 
without falling upon a locality where all tho requisite varieties p^^ 
seat themselvoa. Much aid will he derived from inspecting tlie apoti 
And nodules upon the fragments scattered over the surface of tho soi' 

OF THE COrPEB OBES OF THB BED SAHDSTOSB BZOTOIf. 

T!ie ores of c ipper, especially the carbonate, red oiide, and blue 
sulpliuret, exist in many places in the red sandstone region, though 
hitherto tliey have never been procured in abundance. Their po&itioQ, 
in every cnae, would appear to be contiguous to dikes of trap ; the 
present eeems, tlierefore, the appropriate place in whicli to describe 
them, 

Tbe particular manner in which these ores occur, gives to the in- 
quiry cunceining tliem, some degree of interest both as respects ibe 
question of tlieir origin, and the probability or not of a lucrative re- 
turn for the expense of miniug them. Several vigorous and persever- 
ing attempts have been made at successive times, to open mines of 
copper in this region, hut invariably without success ; and it becomes 
an important point to trace, if practicable, the cause of the general 
failure, and to ascertain iu fact, whether it is not mainly referable to 
an actual deficiency in the amount of ore, and to its diffused state 
tlirough the rock. Aa it is desirable that the information collected 
should have a practical and salutary bearing upon future mining 
euteipri^es in the district, mncU capital having been already absurdly 
wasted, I shall submit such details as have been collected, believiDg 
that the conclusions they suggest, if not positively demonstrable, are 
hiohly probable. 

The principal points where mining operations have been under- 
taken at difl'erent times, are near Belleville, Griggstown, Brunswick, 
Woodbridge, Greenbrook, Somerville and Flemmgton. For details 
concerning the early history of the mines at Brunswick, Belleville, 
and Somerville, I refer the reader to Gordon's Gazetteer of the State; 
at the same time expressing my belief, that far too favorable au im- 

f>res-irin is conveyed in that work of the metallic riches of those 
ocalities. With the exception of the Flemington Mine, which has 
lately been worked to some extent, and which is a more recent enter- 
prise, these several works are all at present in such a state of decay, 
as to make it impossible to ascertain hy direct inspection, tlie mode m 
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hich the ore occnre. Mj information apon tbia Iiead, has been 
Brived from examining toe maeees of ore and rubbiBb near the' 
lines, and especially from the testimony of persons familiar with the 
rorks while thej were in operation. Every ttiing that I hare wit- 
essed or collected in regard to it, has led me to the opinion, that the 
re does not exiet, in any inetance, in the shape of a triie vein ; in 
act, ■we have no evidence that a regular copper vein, properly so 
lalled, has hitherto been met with any where in the formations of the 
^tate. 

By a trae vein is meant " the mineral contenta of a vertical or 
nclioed fiesure nearly straight, and of indennite length and depth." 
3nch veins have usnally a well-defined line or plane of separation 
between their contents and the rock on each side, which is named the 
wall of the vein. Now the chief peculiarity in tlie copper ores of the 
region before us ie, that they occur, not in regular sheets of mixed 
metalliferous and mineral matter traversing the rock, but in irregu- 
larly ramifying and intersecting string and bunches, in which the 
mosses of ore are not mingled with the usual foreign materials of 
metallic veins, but blended with the adjacent red sandstone or shale, 
wliich is in a more or leas altered state. Tlie nature of these accuma- 
lations of metalliferous matter will be best nnderstood, however, from 
a description of the position of the ore at two or three of the principal 
mines. 

In ttie Schuyler Mine, near Belleville, iu Essex, the principal body 
of the ore ia etiited to be embedded in a stratum of sandstone, twenty 
or thirty feet in thickneea, and to dip about IZ** from the horizon, 
rather by steps than regularly. It has been worked two hundred and 
twelve feet below the surface, and one hundred and fifty feet horizon- 
tally from the shaf^ The chief ores are snlphuret and. carbonate of 
copper, and they occur almost invariably blended with portions of 
the indnrated red sandstone. Judging from the latter fact and the 

fsntle dip of the mass, which appeara to be about that of the neigh- 
oring strata, it is pretty obvious that it has but little claim to the 
character of a true vein, though it ia not asserted that the quantity of 
ore in this mine may not be considerable. It would seem as if a par- 
ticular band of the rock had been injected with the metalliferous 
matter, not filling a cleft or fissure, but dispersed and as it were dis- 
sipated by anblimation through the substance of the sandstone. There 
ia no trap exposed on the surface any where in the immediate district 
of the Schuyler Mine. 

At the Fulla of the Passaic, near Paterson, traces of copper, in the 
form chiefly of the green carbonate, occur near the foot ot the high 
«Iiff ortrap rock, on the north side of the river, immediately at the base 
of the Falls. A frnitless excavation was formerly made at this spot, 
ia quest of a rejfulHr vein. Huge perpendicular rents or chasms 
divide the trap, of unknuwn depth, and in a direction nearly coincid- 
ent wiih that of the ridge. It is in to one of these great clefls that the 
waters of the Paeaaic precipitate themselves at the Falls, 

la the red aandstoue between East and West Bloomfield.JU'een oar- 
ionate of copper ia occasionally seen, but always in the ' ery 
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tbiQ film or crust, filliog the minute seams and divisional joints of ih 
rock, and never bui in very inconsiderable qnantity. 

At several points in the neigliborliond of New Brnnswick, fire? -sf 
copper havo been fuund ; and, prior to the revolntionary war, s: 
extensive and costly attempt was miido to establish a mine here, W 
witlioiit success. The red shale is in many places coated by the hlv 
and g/'cen carlonaies of the metal, in the form nearly of a thin peUitk 
In a few instances the metal occnrs in tlie pure state, soft and nialle- 
abie, in ibe shape of a thin plate, injected into tbe body of the root. 
rarely more than tlie twentieth of an inch in tbichoess. In every 
ench case, (he contienons rock is more or leas indurated, as if bj 
heat ; and, in immeoiate contact with ibe vein of metal, it6 ordinar 
brownieli-red color is changed to a light gray for the tliickness cf t 
third of an inch or so. 

The Franklin Copper Mine, near Grieestown, in Somerset conntj, 
is Ettuaicd on the western declivity of a nill, whose snmmit is occupied 
by trap rock, bnt np the side of which the shale rises to a considers- 
ble height. It is in this shale, which is considerably altered by the 
trap, tliat the copper ore has been found. Tlie mine is in a dilaj-i- 
dated condition, and no longer accessible. Judging from the charac- 
ter of the materials brought ont from the mine, and from the teslf- 
mony of those who were familiar with it when open, the excavation 
runs iuv pome distance horizontally through an altered shale of a dart 
pnri'le cilor, which becomes afterwards paler and more silictoos. The 
ore occurs diffused through this altered shale. Occasionally it has 
the aspect of existing in very narrow, short strings, or little veins of 
injection, being in such cases mixed witli corbonate of lime, felspar, 
hornblende, and other minerals, constituting what approximates tos 
trae metalliferoiiB gangue. The heat ore found here is of a soft Hvi 
srilvhuret, associated always with carbonate of lime ; hut the princi- 
pal ai'eeiea is the usual corbonate of copper and the re(foari<i?, min- 
gled through the altered siiale, which abounds in little geodes or crys- 
talline nodules of epidote and black tourmaline, sometimes beautiful- 
ly crystallized. The principal shafl is paid to have been one hnndrfd 
feet deep ; and the mine was drsint'd by a long adit which com- 
mences near the base of the hill, not far from the canal, A coneid- 
erabte sum has been expended, without success, in opening this 
mine. 

Interpreting all the appearances connected with the nature and tbe 
mode of distribution of the ore, it would seem so diffused throuahont 
the altered ehale, as to preclude its being ever profitably wrought. 

At the base of the trap riilge north of Somerville, occurs the 
Bridgewiiter Copper Mine, once worked to some extent bnt with ft se- 
rious waste of capital. Several facts respecting the position of the 
ore in the midst of tbe altered shale, at some little distance from tlifl 
dike of trap, have been already mentioned. It was found here prin- 
cipally in tne moderaUly altered rock, near to which it is excesaivelj 
bakeii by proximity to tbe igneous rock. The ore is pronounced to 
have been very rich, con8;sting of a considerable proportion of mas- 
sive red exide of copper. There was also found some native cojtpff- 
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rho chief variety of ore, however, was the nsiial ffreen carbonate, 
mingled occasionally ■with green jphoephate, and some of the green sil- 
icate <yf copper. 

This mine lias been for a nnmber of years closed op. Jndging from 
the character of the rabbiah ootside of the mine, wbich gives a toler- 
ably correct conception of the mode in which the oreocciirfl, wo infer 
that it 19 here accompanied by very little trne gangne or vein stuff, 
being Bonietimee in the form of thin pariial injections, but macb 
more freqnently existing in a disseminated state among the altered 
shale and sandstone. 

The Tlemington Copper Mine, tie only one recently wronght to 
any extent, being open to impection, gives an opportunity of ascer- 
taining accurately ttie nsual mode of position of the ore. In this 
mine the appearances are almost conclusive as regards the aS^entw of 
a triie vein, and corroborate strongly the opinion already advanced, 
that the cliief portion of the ore has penetrated the uiinnte crevices 
of the impregnated rock rather by a species of eablimation than by 
intrneion or injection in the flnid state. 

There seems to be a belt of metalliferona rock of very variable 
breadth, sometimes twenty or thirty feet wide, which preserves a 
nearly north and sonth direction for several hundred feet. What the 
total length of this may be no one pretends to know, but two miles 
dne south from where it is exposed in the present Flemington Mine, 
there are strong indications of a belt of precisely similar character. 
In the Flemington Mine, the ore, which is a mixture chiefly of gray 
azilphate B.nd carbonate of copper, exists intimately blended or incor- 
porated with the aomi-indnrated and altered sandstone, and parts of 
the mass have therefore somewhat the aspect of a conglomerate of 
re-cemented fragments, the metalliferous part acting as tlie cement. 
Though usually minntely disseminated, it occurs occasionally in lumps 
of great parity and considerable size. The line of rock containing 
the ore has no definite separation from the unaltered red Bhale outside 
of it, and it is therefore not always easy to judge of the precise space 
which it occupies. Tbe ore in this mine is of good quality, and so far 
as I have been able to ascertain, the dimensions of the band contain- 
ing it, are such as to admit of the existence of a large mine here, 
should the proportion of metallie matter in the rock prove profitable. 
The mine seems to have been very judiciously worked ; cuttings 
being made across the ore in a series of east and west alleys to ascer- 
tain its extent and position. But while mining is of all arts the most 
precarious, it is especially so where the metalliferous deposit does not 
occur under the shape of a regular or true vein or lode. The doubts 
which some entertain regarding the final success of this and other 
copper mines in the State, proceed chiefly from the views entertained 
rewrding the manner in which the copper ore is difl'used. 

The Nechanic Mine lies apparently on the metalliferous belt of 

rock above spoken of. The ore occurs under circnmstances very 

umilar to those at the Flemington Mine. It is not at present pro- 

dnetive. 

From the excellent quality of the ore of this belt, it is to be regret- 
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ted ihnt a regular vein of some extent cannot be discovered, tbi 
diasemiDated cimdiiion in which the ore exists, rendering all mininj 
operations very expensive, and limiting the eiipply of ore. Tueti 
mines are all near a nairow dike of trap of aciircely preceptible elera 
tion, which rnna eoiitiiward from the main ridge of trap and alteret 
rock, northwest of Fleraington, and extends a considerable distance t 
the soath. The adjacent strata are in moat places considerablj 
altered, and in some apota coated with flakes of green carbonate 
copper, 

llecurring to what we have adduced reapecting the copper ores o 
the Stiite, it will be seen that they do not occur under circaiostauce 
to make the adventurous miner sanguine in pursuing to a costly isam 
the indications of this metal, which so frequently meet us throaghoui 
the red sandstone region. Numerous cases exist in otlier countries, 
it is true, where rich mines have been wrought in massea of ore that 
were not genuine veins, nevertheless, when the deposttea are like 
those common in the copper region of New Jersey, mining becomes 
peculiarly precarious. 1 have been thua explicit upon this subject, 
IVom a persuasion, that one main advantage to be anticipated from » 
rightly conducted geological eurvey, is the ajd which it la capable of 
attbrding to enterprise, by stimulating every branch of wholesome 
industry, and checking rash and visionary undertakings. It should 
furnish a faithful statement of what every district posaessca, and when 
necessary, of what it does not poasees. The one is as ueeiiful as the 
other, if uur motive be to give the industry of the community a right 
dii'ection. It may depress, and it cannot s'rengthen the spirit of 
useful enterprise, to permit capital to be misap]>lied to purposes that, 
wiien pursued, lead to loss and disappointment. 

Wlien we contemplate the singular degree of uniformity whicli 
attends the copper ores of the State, their strict resemblance in point 
of composition, and tlie iJentUy of the geological relations under 
which they are found, we are strongly impressed with the persuasion, 
that tliey all owe their production to one epoch, and to one generally- 
operating cause. Finding them in almost every case adjacent to 
igneous dikes, but not in contact with them, we are led at once to the 
inference that they entered the crevices of the somewhat crushed 
shales at the time of the outpouring of the moultcn trap, and that 
hence, like it, their presence at the surface is the consequence of att 
intense heat. The remarkable manner in which the carbonate of 
copper is di^Tused among the minutest lissures of the shale, its great 
relative abundance, ana the well-known property of its ready subli- 
mation, together with the curious circumstance that both it and the 
other ores are rarely in immediatia contiguity to the trap, but among 
t!ie moderately altered less heated rocks at a little distance, all go to 
indicate that a considerable proportion at least of the metalliferous 
matter, especially the carlo7ia(e, entered the strata in a gaseous or 
volatile condition, and not that of igneous fusion. Tliis latter was 
more probably the state in which the metallic copper, such as occur! 
near New Brunswick, and perhaps some of the less volatile ores of 
the mine at Gri^jtowu, waa injected. 
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Tu referanoe to the above specnlatioD, it sfaonld be recollected that 
le mses of the trap rock itself is not nnfreqaeDtl; aeeR to contain 
oth. naetallic copper and ita ores. 

XOOHOMIO OXOLOOT OF THB BED BAHDSTOtIB BBOtON. 

Several Bubjecta have been already diacnssed, which, from tbeir 
>\>viouHl7 practical importance, are entitled to a place in the economic 
geology of the red sandetone ref;ion, bat it wae deemed more expedi- 
ent to introdnce them in immediate connection with the descriptive 
jetnils which reepectiveir snggeeted them. 

Tlius, in the general deecnptioQ ffiven of the several members of 
bhe red eli&te and Bandstone formation, mention waa made, in every 
Instance, of the degree of ada)>tation to useful porpoees, such as those 
of architecture, statnary, paving, &c., of each particular belt of rock 
examined, A similar allusion waa also made to the uses of the cal- 
careous conglomerate, ita fitness for burning into lime and for cutting 
as an oroamental marble being both alluded to. Care was taken to 
point out the preciae positinn and dimenBiona of any thin bids of 
limestone found interstratified with the red slmle or sandstone, and 
aaggeatioaa offered concerning the moat suitable situations in which 
to seek for good and durable building materials amoa<! the altered 
rocks contiguona to the belts of trap. In like manner, in trexting of 
the copper ores of the formation, whatever was of a practical bearing 
was fully considered. 

I proceed to mention one or two other aubjecis of a aomewhat 
desaltory nature, not yet adverted to, which appear to come appro- 
priately under this head. 

J^eat. — In the meadows and low boggy grounds about SpringGeld, 
and also near Connecticut Farms, occur large quantities oi excellent 
peat ox turf. It is rather extensively dug and employed in the neigh- 
Dorhood as fuel. According to the statement given, a cord of it, pro- 

?er1y prepared, is as productive of heat as a cord of good oak wood, 
be mode of preparing it is, to cut it into regular qnadrangnlar 
messes about two feet in length, with a base four or five inches square. 
These piecee are carfuUy dned and sold by the cord like wood. 

Bow water on the J^assaic, earned ly the trap dike at the LittU 
FaU«. — The Passaic and Pompton rivers, for many miles above the 
Little Falls, are sloggish and half stagnant Htreams, bordered in most 
pkcea by extensive meadows and marahee, which are subject to fre- 
quent inundations, deemed prejudicial to the health of the neighboring 
country. This want of cnrrent is manifestly produced by the bold 
dike of trap rock which intercepts the stream at the Little Falls, form- 
ing a Bort of natural dam that backa the water for a great distance 
along the level country above. The mere removal of thia dam of rock 
from the bed of the river to a depth of twenty or thirty feet, and over 
a wiilth sufficient to prevent inundation in timej of high water, w»ald 
be a meHSore extremely beneficial to a large district bordering on the 
two streams. A great extent of level meadow land al omt the Pa.-aaic. at 
presenttoowettobeprodiiclive, would berendere** * * irable,and 
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might become, when ander the plow, the beat grain latui of i 
Such a step would, moreovir, ameliorate the (juaiity of the 
the wells of the district, materiitUy boiictit the roads, and, it c 
tiitn f»r above all oIUitb, it wi-uld improve the health of the 
anta. The expense would be in the removal of thu obetrnc 
iu the compensation t" ihe owners of the water-power wli' 
be destmyed, but its entire amonnt woiiM fall far short of 
fjaiu to ihe community, which many conceive would resnlc 
undertaking. 



In the genera! description of llie middle secondary syalem of Bl 
presented in the beginning of tliis chapter, the no'ion was adv&nt 
that these materials were deposited by an exteneive ancieni 
having its souri-e in the simtlieru States, and its estuary in the regH 
of the Raritan and the Hudson, and having its conrse for the mo 
part soutlteoat of tiie chain of the Blue Kidge and the HigtilandL' 
Several important (acts connected with lliis trongh, such as its pres- 
ent configuration, the uniform dip nnd direction of its slightly in- 
clined beds, implying a steady current, their singuliir constancy of 
character c-o indicative of one general sonrce for the whole, and tba 
obvious identity of iheir materiats with the soils now furnished by 
the ancient rocks from whence we would derive these deposita, all gff 
to confirm the itbove supposition. 

"When tlie details of tne ^eolngica! suri^eys of Pennsylvania, Mary- 




laud and Virainiu, now approaching to completion, ahull have beeo 
united with tne delineations herein ^iven of tliis interesting gronp of 
rocks, the long and narrow tract wTiich they occupy will be seen to 
possess in a striking degree IJie I'ealures of a noble river taking its 
rise in the pritniiry region of the somhern Sttite^, and meeting tbe 
ocean, probably, at and beyond thu outlets of the llaritan and the 
Hudson. 

The traveler passing along the red sandstone belt fnun the Hndflon 
to the northern confines of N-rlh Carolina, will, if his mind be direct- 
ed t<j tliese consideratiiins, become early impressed with the accordtnt 
nature ol the evidence which accumuhiies as he advances. In colli* 
mencing his journey he will 6e« the whole formation uccurringinparf 
still beneath, in part above the present level of tlie ocean. JPaenti^'l 
the Uaritan, where, for a tertain distanco, the tide washes a portioaf 
of it, he will nfxt find it on the Delaware, elevated above the ocoui' 
level thrnu^hoHt its entire width fr.im Trenton to Durham. Adrano^y 
ing to the Schuylkill between Norristown and Heading, he wilt ob 
serve its height above the tide to h:ive augmented ; and croeeioj 
tlience in succession iho Susquehanna, the Potomac, and the Jan 
rivers, be will perceive tiie iract still gradually and uniformly tOi 
cend until it attains a level of several hundred feet above tlieiMf' 
marking an inclination nearly coriespondiug to that which belongs to* 
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i&uy of oar largo rivers now descending from tbe Appalacbi an chain 
Qto the ocean. 

Tbe progreeaive diminution in tbe breadth of the formation is strict- 
y in accordance with these facta. At the Delaware, adjacent to the 
>resuuied ancient estaarj or month of this supposed stream, the 
ividth of the deposit amounts to thirty miles ; at the Susquehanna to 
ibout twelve; at the Potomac to between six and eight, and at the 
Tamca river to not more than four miles. 

It ma; be objected to the argument above advanced touching the 
regular and gentle ascent of the formation towards the southwest, 
that the existing elopes of the whole district soatheast of tlie moun- 
tains may have been produced during tbe elevation of the greensaud 
and tertiarr strata, at periods snbsequeut tu that which witnessed the 
drainage ot the red sandstone valley. 

Did tbe scope of the present treatise authorize the detailed discus- 
aioii of this carious point, we think that a compreliensive investiga- 
tion of tbe existing levels of the respective tracts, or, in other words, 
the relief above the ocean of the several parallel belts of country con- 
ceived to have enccesBfully emerged from beneath the sea, would go 
far to convince us that the channel which received the red shale de- 
posits possessed to a considerable degree, at loast its present gentle 
elope towards the northeast, during the epoch of its formation, which 
-was apparently soon after the cessation of those disturbances which 
finally elevated the coal. 

Ijet it be observed that the Kittatinny Valley, formed of rocks up- 
lifted at the close of the older secondary or Appalachian epocli, has 
the same regular and gradual declension in level from the interior of 
Virginia to the Eudsou which we find iu tlie red sandstone iielt of 
the parallel valley southeast of it. From an elevation in the vicinity 
of the New Biver, approaching one thousand feet ahove the level of 
tbe sea it slowly descends northeastward antil, at the Hudson, its 
general surface rieea not more than one hundred feet above tlie tide. 
While this is true of the plains occupied by the older aud middle 
secondary rooks, no snch variation in the level of the more recently 
lifted tertiary plain along the seaboard ia discernible. From the 
Boanoke to the Delaware tne tide everywhere penetrates this latter, 
and its surface in that distance does not descend probably more than 
one hundred feet. It seems, therefore, altogether improbable that the 
whole of the northeastward descent in the first two valleys, that 
northwest and that southeast of the Blue Ridge chain should have 
been acquired at the time of the elevation of tne tertiary, or at any 
period later than that of the final drainage of the middle secondary 
trough. Tlie disturbances of level which took place at the close of 
ths newer secondary or greensand period are still further in favor of 
the same conclusion ; for, while the strata of tbat date were raised to 
a moderate height, averaging sixty or eighty font above the ocean, in 
tbe latitude of New Jersey, thev uuderwenl no permanent elevation 
above the tide in the region furtoer to the southwest, between the 
Chesapeake and the Boauoke. 
That the almost universal inciinatiou of the plar -sition in 





126 



GEOLOGY OF KEW JERSEY. 




the rcil sliale and saiidstone formattoi], is the resalt of tlie obltqtiflM 
slanting mode in which the sediment has been laid down by a. nfSi 
and stemiy cirrent. and is nit due to any nphenving action, ad miCs, 1 
conceive, of very little doubt. It" it wero a consequence of the latter 
cmise, ihe vast width of the region in New Jersey over wbiuli thi 
nortliwest dip prevails would imply a thickness for the d«^posit ec 
enormous as to be beyond all precedent among etratiliod fortiiatiotu. 
But we have conclusive evidence of the compiirative Bliallowness rf 
tliis group of beds, in the fact, that in several loculitiea, even in the 
inlerior of the belt, it Ims been washed oflF in patches by dcnndatiOD, 
BO as to ex|)OBe the subjacent Appalachian limestone, which appesn 
in tliese ['laces to have been the original fluor of the basin. The 
denudation along the soutlieaatern border of the tract has, in like 
manner, in many neighborhoods, cut away the coarse sandstone and 
conglomerate beds — tne first deposited, and ntidernjost, by order of 
dip — making the now undermost layers to conaiet of the red shaleft , 
This could obviuusly not occur if the materials had been precipitated 
in a nearly level position, as in that case Ihey would have spread 
themselves along the bottom of the trough too far to the northvroat to 
be remuved by I'cal denudation along its southeastern margin. 

The very general dip of the strata towards the north weal and north 
seems plainly to imply the side from which the sediraeulary matter 
chii fly entered this valley. That the lateral influx was principally 
from the belt of ci'untry immediately bordering the basin upon the 
tmitheast there can be little doubt ; and we have only to observe ibe 
nature of the rocks skirting that side of the belt in a broad tract, (he 
whole length from the Susquehanna to North Carolina, to find at 
once the red soil of which these strata consist. Tliroughont this dis- 
tance, talcose, chloritic, and hornblendic rocks cjmpoae nearly the 
entire zone of country lying immediately southeast of the red shale ; 
and the red soil which they produce ia so identical in aspect and 
composition with the shales, and is at the same time so copiously for- 
nishk-d by their disintegration, as to point plainly to these primary 
strata as the source of most of the matter of this middle secondary 
trough. ]f we conceive tlie norihwestern side of the valley next the 
base of the hills to have heen, as it ]irobably was, the deepest portiao, 
and the red ferruginous materials to have entered this large river from 
the neighboring talcnso rocks, by currentssetting obliquely neroM and 
down the channel, we may at once explain, not only the origin <j 
these beds, but their inclined pnsitioD, and their predominant uorlt 
westein and northern dip. 

In atti^mpting thus to account for the prevailing dip of liie red 
shale and sandstone strata, I am aware of the local exception to be 
found in the soutlieastern iuclinatiun of the beds between Middlebrook 
and Ffpack, and its seeming incompatibility with the above viem. 
I would direct the reader's attention, however, to the peculiar position 
of the Mine Mountain, jutting out into the estuary of the red shale, 
considerably to the soniheast of tije general 1iT>e of coast. It is e*ej 
lo conceivM that its influence most have been to intercept the regular 



northward current, and to deflect it over a certain a 
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of eddy, in which the Bedimeotary matter woald, of course, asenrae 
xva DDnenal direction in ite gently inclined Bnrfacee of deposition. 
^Proceeding east from the Round Valley Monntain, wo find the dip at 
"the White Horse to be nearly northeast, then east, and near the mouth 
of the Lamington river, sonthcBst, and beyond Somerville, nearly 
eonth, affording an almost convinciiig proof that such an eddy pre- 
vailed, aod I'reseuting ample evidence, if soch were wanting, that the 
inclined poatitre of tlie strata is not the resnlt of an elevatory action, 
liespecting the variegated calcareous conglomerates which overlie 
the red sandstone formation, bat little difficulty exists in explaining 
toth their source and the nature of the circumatances which accom- 
panied thtiir production. The fragmentary materialu of which they 
consist, can be traced, in every instance, to the older rocks of the 
ncighbcring hillb, immediately bordering the middle secondary plain 
npOD the northw&st, and we can discover a relation between tbe 
amount of the several kind of pebbles and that of particular sorts of 
easily abraded strata along the flanks of the valtey. Thus, in overy 
case where calcareous pebbles and a calcareous cement are abundant 
in tbe conglomerate, tne older secondary limestone (Formation II.) 
may he ceen at the base of the adjacent hills, and usually at an ele- 
vation that indicates it to have been sufficiently above the waves to 
undergo extensive destruction from a sndden and powerful rush of 
waters. 

In order to account for such a violent denudation along tbe base of 
the Highlands, we have only to advert to the state of things attendant 
upon the outbureting of the trap. This rock, intersecting and over- 
lying eqnallv all portions of the red sandstone, both its earliest and 
latest formed beds, was manifestly of simuUaneoQs date throngboat 
the entire region. The violent agitation of the whole belt of country 
and the vertical rising of the bea of the red shale valley to a higher 
level, would necessarily set into rapid motion the entire body of its 
waters. These, rushing impetnonsly along the shattered strata at the 
base of the hills confining tne current on the northwest, would quickly 
roll tlieir fiagments into that confused mass of coarse heterogeneous 
pebbles which we see, and strew them in tbe detached beds of con- 
glomerate which tliey now form. The protrusion of the trap, the 
formation and deposition of the conglomerate, and the elevation and 
final drainage of the whole red sandstone basin, have hardly been 
consecutive phenomena, bo nearly simnlraneous appear to have been 
these events. The whole time occupied by these stupendous changes 
must have been extremely brief, compared with the period which pro- 
duced tbe main mass of the materials of the basin — the red shales and 
sandstones— which occupy so Urge a part of it. 

0/ the Middle Secondary Roche of the Oreen Pond and Long Pond 
Mountains. 

When describing the older secondary rocks of the long, straight, 
and narrow valley which separates tiie two principal ranges of the 
primary strata of the Highlands, it was stated that those formfttions 





wbere tbey a]]|>ear in the neighborhood of Green Pond and it.ACM.fi* 
Pund, were overlaid uDconfoimably liy a t-ronp of much newer dade, 
cnceivfd to have been produced in the middle aecondary perii>d> I 
prupose to offer a brief account uf ihe position, etructnre, and pro- 
bable origin of these inHulated Btriita. 

Geographical range. — Tracing these nnconformable rocka from Ntw 
York towards the southwest, they are found to coosiitule a noark 
coDtinnoua mountain chain, extending from the western eide of I^ong 
Pond, past MacHpin and Green Ponds, to a point west of Succasanor. 
From the State Hue to the Pcquaunock, the belt couststa of a single 
ridge, somewhat broken down in eotne places by denudation — this i* 
known as the Long Pond or liaiftnberg Mountain; but from the 
Pcquanuock aouthwtst for eeveral miles the belt is double, the Eborter 
range forming the Copperas Mountain, and the longer parallel one 
the Green Pond Mountain, ending north of Succasunny. 

Tliese ridges are for the most part remarkably straight, while their 
summits are nexdy. level. Tliroughoat considerable distancus thej 
present a succession of bold precipitous escarpments, lacing invariably 
the eagt-southea~t. The strata dip in all cases lowardiithe we^t-nortll- 
wes.t, at an angle which is somewhat variable, but which is asualir 
about 30''. 

The almost perpendiciibir outline of these ridges on their southeast- 
ern side, the repetition of the same rocks in the two adjoining ranges, 
and their dipping towards the same quarter, are facts which strongly 
inilicale the existence of one or more extensive longitudinal disloca- 
tions of the strata. We can hurdly conceive how a mere denudation 
of the surface, unaccompanied by a disrupting movement idong cer- 
tain lines, could have given to the topography of this formatiou its 
present peculiar features. 

The Green Pond Mountain terminates in three oval-sliapeJ out- 
lying hills in the prolongation of the main rJdge, separated from each 
otiier and from it by transverse valleys or nutehes, through one of 
which the Morris canal has been carried. A fourth low hill, not pre- 
cisely in the same line with Ihe others, commences a little south of 
these and extends longitudinally towards Flanders. It would appear 
to belong to a difiereiit formation from the others, being manifestly 
an insulated remnant of the sandstone. Formation I., of the Appala- 
chian series. 

C'jmpoaitton and Structure. — The formation we arc describing 
embraces two principal members, which preserve their respective 
characters with very great uniformity. The lowest of these, which 
reposes sometimes on the primary rocks at the foot of the adjoining 
hills, sometimes on the lower strata of the older secondary series, 
originally forming the bed of the valley, is a conglomerate easily 
recognised. This rock consists of a rather flue-grained, cum pact, red 
sandstone, occasionally argillaceous, imbedding rounded, water-worn 
pebbles of various dimensions, generally composed of white quartz. 
When these pebbles are large and diversified in their color and com- 
position, as happens in certain beds, and when tbo paste is less abna- 
dunt and more argillaceous than usual, the whole mass poeseBsa^ 





GEOLOGT OF NEW JERSEY. 129 

-coDaiderable resemblance to the leee calcareous varieties of the Poto- 
moc marble. Boulders of a rock having these features lie strewn in 
great nnmbera in many parts of tlie red sandstone region east of the 
Highlands, extending as far as the Hudson, and traceable to this 
stratnin of the Green JPond Monntatn. 

In the inferior beds, the character of the rock is somewhat different ; 
being in many places almost white, and consisting cbitfly of a white 
eandetone, thickly studded with white qnartz pebbles. These layers 
are conspicnoas] v seen in the ontlying low bilU, near the souihem 
termination of tne Green Pond Monntain ; they ai'e also visible at 
many other points, as, for example, ten miles north of Macapin Pond. 
Their contiguity to a tract of white sandstone of the older aeries, 
Formation I., suggests this roclc as the probable soarce of the Arena- 
ceous materials of these beds. We thus find in this, as in other 
formations, that the lowermost lajers are derived from the more 
immediately adjacent rocks, being deposited during the first inflaii of 
the currents, before time had elapsed for the introduction of the 
sediments from more distant quarters. Ascending a little, the beds 
of the lower part of the conglomerate become progressively more 
tinged with the red matter bo prevalent throughout the higher portions 
of the formation. 

The other division of the formation overlies the former, and is a 
compact argillaceous red sandstone, much resembling the firmer 
varieties of the red shale of the district east of the Higlilatida. It is 
seen well developed about one mile north of the head of Green Pond, 
where it forms the point of the Green Pond Mountain, near the notch 
or dislocation which traverses it two miles south of the Pequannock. 
Buth in this vicinity and in other parts of the range, this stratum is 
divided by a system of oblique cleavage joints, which cross the general 
plane of the dip nearly at right angles, having an inclination of about 
forty-five degrees towards the southeast. These joints impart to much 
of this rock a slaty stiuctuve, calculated readilv to misletid the obser- 
ver respecting the true direction in which these strata have been 
elevated. The conglomerate is in like manner jointed by planes of 
cleavage, but at far wider intervals; being dividi-d into large massive 
cubodial blocks. These joints observe the same dircclii>n and dip as 
those in the overlying fine-grained red satidetone and shale. 

The totHl thickness of the formation, including the conglomer-ale 
and the red sandstone, probably exceeds six hundred feet; but from 
the appearance uf great faults or dislocalions in these strata, the deter- 
mination of their precise depth is attended with much uncertainty. 

Of the prc^ahU Origin (yf the Formation. — From the wholly insula- 
ted position of these unconformable strata, encompassed on all sides 
by rocks of older date, and from the nonappearance hitherto of any 
organic remains of a distinctive kind, by which to infer thtir age and 
mode of origin, we are prevented from arriving at any \Qy'j satisfac- 
tory views regarding the particular circnmstancis under which they 
were produced. The striking analogy which they bear, however, to 
the strata of the middle secondary scries both in composition and 
appearance, and their lying in the same unconformable manner upon 
9 
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the- previoaaly nplifted rocki of the Appalachian gronp, induce ns to 
coneider them as depoeiU from the same mass of waters. This sngges- 
tioa acquires additional weieht, when we reflect that the long and 
narrow valler embracing this belt of conglomerate and sandstone, 
opsnt immediatelj into tae great basin of the middle and secondary 
scries. From the denuded condition of the lontliwestern portion of 
the Omen Fond range, and from the apparently natural outlet which 
Qerman Vallej would afford for the watece m their passage across 
this mountainous district, it seems not improbable that these rocks 
once filled the bed of this valley throaghont its whole length as far as 
Clinton. At the final elevation of the red shale and sandstone rocks, 
if, as we suppose, the$e strata were also uplifted, the extensive disloca- 
tions to which they have obviously been subjected, will account for 
tljo removal of a portion of the beds, exposed as they must then have 
been to the full violence of the floods thus set in motion. 



PARTII. 



aZOLOOT OF THE eOUTBBBII DTVIBIOK OF THX BTATB. 



Int/roductory MemarJu. 

Tbb Btrata of the soatbem half the State arranee themBelres m 
two distinct groups, and belong to two separate penods. The oldest 
or earliest deposited of these groups is proved, by the character of its 
organic remains, to have originated donng the latest eras of tbe secon- 
dary period, while the modern belongs to an earlier epoch of the sdc- 
ceediDg tertiary dates. 

In tracing these deposits over anv considerable erea, we discover 
that tbe whole series, though nearly norizoatal, possess an appreciable 
dip towards the southeast. As a consequence of this slignt inclina- 
tion, the lower strata rise successively to the surface as we advance 
towards tbe noi:thwest ; those at tbe bottom of the series forming the 
northwesters bonndry of the region, where they repose upon the 
more steeply dipping beds of the middle, secondary and primary for- 
mations, between Trenton and tbe Baiitan river. 

A gently undulating line, drawn from Shark Inlet, on the Atlantic 
coast, to Salem, separates the secondary and tertiary groaps. Tho 
district to the northwest of this line comprises only the former, while 
that to the southeast contains the Utter. Tbe tertiary region is ex- 
tensively overspread, however, by a deep covering of nearly white 
* f>ceanio sand, destitnte of organic remains. We are thus precluded 
not only from ascertaining definitely to what precise date we onght 
to refer this superficial stratum but tbe extent to which it conceals 
the tertiary and secondary deposits. The tracts in which the former 
are actnaUy exposed near tlie surface are comparatively inconsidera- 
ble. 

CHAPTER I. 

OF THB ITFPBB 8B00KDART SEBIBB, 



Ot^MTiA I^eacr^tion. — Adopting, as hitherto, the ascending order, 
we shall describe first the upper secondary formations lying to the 
northwest of the line above designated. This series includes natu- 
rally five separate sets of beds, the characteriBticfeatures and compr>- 
rition of whicb, commencing with the lowest, are as follows : 
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First, A group of sands and days of several coI<^rB and of some- 
what Tariable constitution, bat frequently of extreme whiteness and 
remarkable parity. Among these occur beds of pure potters' clay, 
TbJB diTision of the geDeralGeriiB rests, along its northwest margin, 
from the Raritan to the AssQiipink, in an nnconformable manner Qp- 
on the middle secondary rocks, and from the Shipetaiikin to the 
Delaware npoo the iiptamed strata of the primary belt. It contains 
towards its upper beasmnc!) of ihe dark J^Iue sandy clay, which ie 
also associated with the overlying greensand, from which it is not 
separated by any well-defined limit. 

Second. A somewhat mixed group, consisting of beds almost 
wholly compoeed of greensand in a hose and granular condition, al- 
ternating with, and occaeioDally replaced by layers of a blue, sandy, 
micaceous clay. This is the "greensand formation," properly so 
called. The greensnnd having become extensively employed in ag- 
riculture as a fertilizer of the soil, the bed in which this mineral is 
the chief ingredient lias acquired the name of marl. The various 
features assumed by these strata in the different parts of tlie exten- 
sive tract which they occupy, will be specified in another place. 

Third. Immediately overlaying the greensand formation near its 
southeastern border, we find several limited exposures of a yellowish 
granular limestone of rather crystalline structure, and freqnently 
siliceons composition. Tiiis rock exists in rather irregular thin flaggy 
bands, nsusliy from one to three inches thick. Between tliese we 
often find tliin layers of loose granular calcareous sand, identical, or 
nearly fo, with the matter of the rock, but destitute of cohesion. 

This formation contains a profusion of organic remains, many of 
which belong in like manner to the underlying greensand, though 
some occur in it alone. Resting usually in direct contact with the 
greensand stratum, it contains often a moderate proportion of the 
green granular mineral, sprinkled through its mass. 

Fourth. A yellow, very ferruginous coarse sand, containing some- 
times a small pro|iortion of the green mineral. This stratum is in 
some places thirty feet thick. In the Ncvesink Uills, and in one or 
two other localities, it occors as a soft sandstone, containing hollow 
casts of several characteristic fossil shells of the greensand formation. 
Throughout much of the central portion of the greensand region, 
this bed 18 in the condition of a loose sand, but abounds in organic 
remains in the utate ui solid ciists, stiowing the interior form of nu- 
nK^t-nns hivnlvr. ntvl iiiii(-nlve phollf:. Tli^finiestone next under it he- 
itig ven- pa.'tii.Hv d(iv.'V'[ip'I, l''isye'low b^iiid generally rests in im- 
mediate contact with the greensand deposit, the two beds sometimes 
bloiiding almost insensibly into cacli other. 

Fifth. Resting upon Ine former and constituting the highest as- 
certained member of the upper secondary series in the State, there 
occnre a coarse brown ferruginous sandstone, sometimes passing into 
a conglomerate. It is composed of translucent quartzose sand, small 
fragments of felspar, and pebbles of white quartz, cemented together 
by a dark brown paste of oxide of iron. The ereen mineral in de- 
tached grains ie likewise a common ingredient. The position of this 
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rock is usaally apon the sammiu of tbe insulated outla.ving hilU, 
wliich rise oecBsionally above the general plain of the "marl re- 
gion." 

In employing for these npper Fecondary deposits of the State, the 
tille of " greeusand eeriee," and for one member of the group that of 
the " greeneand formation," I wish not to convoy the impression that 
I regard these strata as the eqnivalents, in the strict sense of the 
word, of the greensand formation, so called, of Enrope. The re- 
nsarkable abundaDce of the green grannUr mineral in i^ome of these 
beds, and its existence in greater or less degree in all, besides the 
obvious identity between most of the fossil genera in this and the Ea- 
ropean group, suggest the propriety of adopting the above name, as 
characterizing tlie peculiar composition of the deposit, and itsxelar 
tiouship to the rocks of a well known system in other countries/ Bnt 
mnch yet remains to be ascertained respecting the organic remains of 
the two deposits in the respective continents, before we can determine 
more than approximately (o the true amount of affinity subsisting be- 
tween them. The existence of bnt one or tnoo species common to the 
European and American formations, rendeis it indeed a qnestion of 
much uncertainty, to what part of the cretaceous period, as defined 
in Enrope, we are to refer the origin of these deposits of New Jersey, 
nor nre we able positively to decide, merely by inc rehitionabip of the . 
genera, whether tiie cretaceous period embraces both the commence- 
ment and termination of the American greensand series. 

SECTION I. 

0/ the Potters' Clay Formation; Gedo^ of Middlesex andpart of 
Mercer countxea. 

Oeo^aphlcal range. — The sonthera edge of the middle secondary 
district marks the northwestern boundary of this formation, from tbe 
month of Lawrence's brook to the Shipeiaukin creek, between which 
and tbe Delaware, the gneiss rocks of the Assan^jink form its limit. 
Advancit]g southwestward the formation occupies a narrow belt 
along the Delaware, from Bordentown to a point oppo.dte New 
Castle, the southeast bank of the river being its northwest bonodary. 
Its inferior beds do not appear in Pennsylvania, having been washed 
by tbe currents wliich excavated this part of the valley of tbe Dela> 
ware. 

In some places the river in its meanderings cut across the belt 
almost to the soniheastern margin, where it is bordered by the lower 
beds of the greensand deposit. This is the case at Bordentonn, 
wbere the greensand approaches the Delaware within half a mile. 
Where the river on the other hand recedes towards tlie northwest, as, 
for example, opposite Tullytown, the lower bods of the series are pre- 
served ; and hence we have, in that locality, wbite clays and sands of 
the " clay banks." 

This lowest division of tho upper secondary series passes into the 
greensand formation by a gradual transition ; we cannot, therefore^ 
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deUneate -retj precisely the limit which eeparates the &refla of the 
tvo foTtnationB. It will be traced, with as mnch minateness as prac- 
ticable, when we give the ascertained boandaries of the greensand or 
marl tract, being the northweetern mai^n of that important belt. It 
will be sufficient for our preaent object to state, that this line, bonnd- 
ing these inferior cIbjb and sands on the southeast, ranges nearly 
p»allel with the railroad which anitee Soath Amboy with Borden- 
town, lying sontbeaat of it at an average distance of aboat three 
miles. Between Bordentown and Salem it preserves a rather greater 
diatance from the Delaware. 

Besides the tract thas traced, embracing most of the deposits of 
pore potters' clay in the State, there occars an isolated bed of remark- 
Ably pure white clay and sand, which obviously belongs to this for- 
mation : it lies between Woodbridge and the Karitan, having eecHped 
the destroctive diluvial action which has swept away so large a por- 
ilon of iliese lower bods of the formation in otner placcB. 

Compoaiiion. — White and yellowish sands, and white-blue and 
tnottlea blue, and pink clays, nsed in pottery, occnr abuudaatty in 
the lower and middle portions of this formation. Higher in the series 
these beds become leas predominant, and we meet with a larger pro- 
portion, as we ascend, of darker, more ferrnginoos and carbonaceous 
sands and clays. A very common material among these is a dark, 
sandy, micaceous day. This deposit, when moist, is nsnally lead- 
colored or a dark blue, or sometimes almost black. In this state it is 
somewhat plastic, becoming, as it dries, of a light bluish-gray color. 
It is rarely free from a considerable proportion of ordinary siliceons 
Band and mica, both usually in a state of minute division. The dark 
color seems chiefly to arise from a small quantity of carbonaceous 
matter in a diffused condition. Belies of vegetation, such as carbon- 
ized wood or lignite, amber, and retinasphaltum often occur in it', but 
particularly the first. It exhales the smell of marsh mad, though 
this gives place occasionally to that of tulphvr, emitted by the decom- 
posing aalphuret of iron, which is often copionsly present. 

To the reaction of the alumina and sulpliuret of iron, assisted by 
the oxygen of the atmosphere, we are to attribute the incrastation of 
sulphate of iron and snlphate of alumina sometimes seen upon its sur- 
facoj imparting to the mass an astringent and acid taste, and endow- 
ing it with properties very noxious to vegetation. Some layers, con- 
taioing a larger quantity than usual of the sulphuret of iron, acquire 
even a brown color at the snrf^ice, caused by the amount of the hy- 
drated oxide of iron produced by decomposition. The impervious 
taztare of this material causes the water which reaches it through the 
overlying, porous, sand; beds, to appear along its npper margin in 
the ravines and other depressions of the surface wherever its outcrop 
occurs. Much of this water passing through tiie adjacent beds of 
greensand, which are often charged Tike the blue clay with the de- 
composing snlphurct of iron, becomes impregnated to some extent 
with the sulphate of iron, prodncing a precipitation under favorable 
circumstances of the hydrated peroxide of iron, in the form of iog iron 
or* and yellow ochre. 
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To exhibit more definitely the compoeitioo of this blae earth, I 
here snhmit r chemical sDalysis of a apecimen procnred from the base 
-of the Nevesink: Iiille, on the Karitan bay, which vill show the are- 
rage composition of a very ahnndant vane^ of the stratam. 

Analysis qf the Bhie AatTvngent Mtoaceovs Clay. 



Silica, 

Alamina, 

Protoxide of iron, 

Balpburic acid, • 

CarDonaceous matter, 

Potaah, - 

Kagneeta, 

Muriate of Boda, - 

Oxide of manganese, - 

Water and viHatile matter, 



35-75 
S9-26 
1210 
ld5 
1-00 
0-80 
0-25 
a trace, 
a trace. 
7-00 

97-60 



That certain portions of this dep<»it may be rendered available for 
enriching the soil I firmly behere. The statement already made 
that there sometimes exists in it a considerable share of the green- 
sand, in other words, of the fertilizing material of the marl is enough 
to encourage those who possess it and not the genuine marl, to give 
it their attention. Notwithstanding tlie very irequent, we may say 
the almost invariable occnrrence, of the astrmgent matters which are 
In themselves so unequivocally deleteriouB to vegetation, certain pre- 
cantions may be adopted, such as must make it a valuable auxiliary 
to the fanner in places where the genuine marl lies too remote. The 
recommendations respecting the mode of using it will be found in the 
-chapter on the economic geology of the greensand formation. 

lliis material alternates both with the lighter colored clays and 
sands already spoken of, and with the greensand which it overlies in 
aome parts of Monmouth county. It is well exposed for examination 
in the cuttings upon the Camden and Amboy railroad. Containing 
occasionally a small proportion of the green grains, and reeembling 
somewhat when moist the true greensand or marl, it is frequently ap- 
plied to the soil through a misconception of its true nature to the 
serions detriment of tue crop. 



BOCmomOAL QEOLOOT. 



White Clay of Woodbridge. — About one mile southwest of Wood- 
bridge, near the level of a small stream on the road to New Bruns- 
wick, there occurs an insulated deposit of white clay and white sand, 
in which both materials are of remarkable purity. 

This local bed is enrrouuded by the red shale rocks of the middle 
secondary series, and would seem to be a remnant of the lowermost 
layers of the upper secondary group, lying in a depression of the snr- 
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face where it lias escaped removal during the general deDudation of 
the strata. 

Beneath about ten feet of reddish diluvial nialter derived from the 
adjoiniDg red sliale, we find a bed of pure wliite Band, regularly 
BtratiSfd, and dipping gently westward. Its tliiekuess is abont ten 
feet. This eand is much esteemed as an ingredient for the manufac- 
ture of fire bricks. Underneatli the sand lies the white clay, in a bed 
about eight I'eet thick ; when dry it is very nearly white, some por- 
tions of it, however, have a very slight bluish tinfre. It is much used 
in the manufacture of pottery and fire bricks. The purer varieties are 
admirably adapted for making the glaze for paper hangings, being 
employed for this purpose. 

About three-fourths of a mile southwest of this excavation, another 
similar dopoeit is exposed in some recent diggings. The clay at the 
latter place surpasses even that of the former in wliitoness, and in its 
exquisite smoothness of textnre. 

In the descending order, the beds at this place are, first, dihiviat 
matter ten or twelve feet thick, then a layer of sand, and under this 
again the clays, between seven and eight feet thick. These consist of 
an npper bed, somewhat sandy, bnt well adapted for making tire 
bricks, two feet in doptli, and a lower layer, also two feet thick, re- 
markable for its whiteness and fine texture. This latter kind is par- 
ticalarly esteemed for making the glaze for paper. Immediately 
below this lies another bed of pure clay, having also a fine texture. 
It is white, with reddish or pink blutches ; its tliickness is from three 
to four feet. It is an observation of the workmen, that when the clay 
is pure (he sand associated with it is so likewise. 

white Clay, Albion Mill. — A similar deposit of white clay and 
sand, occaring like the last, near the bottom of the series, is to be 
seen not far from the Albion Mill, about five miles southeast of 
Trenton. 

The clay at this spot, though moderately white and free from ferm- 
ginous matter, is mingled with ratiier too large a proportion of fine 
white Band, to suit it for making the better kmds of stoneware. It is 
not improbable, however, that its composition is such as to fit it for 
the manufacture of good fire bricks. 

Clay Banks of the Delaware. — About half way between Borden- 
town and Bnrlington, beds of clay of somewhat analogons composition 
occur along the southern shore of the Delaware, in the line of clif& 
called the " Clay Banks." The deposit in this place presents more 
Tariety than is visible in the other loc&litiea described. 

The clay, though in some layers nearly white, is in many places 
slightly tinged or spotted with pink or bluish stains. It is dag to 
some extent, and employed for making pottery. Besides the whiter 
varieties, there occur others of a dark blue color, having more or less 
sand and ferrnginona matter in their composition. Imbedded between 
the layers of clay are aeams of white and yellow sand. 

The clay beds of this locality wonld a|ipear to occupy a middle 
position in the formation, being higher than those southwest of Wood- 
bridge, but inferior to the strata of potters' clay near South Amboy, 
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to be next described. Thej lie very nearly ia a range with tlie white 
sandy cUy seeo near Albion Mill, with which also a dark blue argil- 
laceous bed is associated. 

Potters' Clay, South Amioy. — Somewhat higher in the order of 
stratificntion, we find beds of bluish white and mottled clay, well 
suited for the manufiictiire of a mnch esteemed variety of stoneware. 

This highly useful material occurs in a bed several feet thick, 
ranging along the shore of the Raritan Bay from South Araboy, for 
a space of about two and a half miles, to the marshes called the 
Clieescqnakes. The stratum ia nearly horizontal. Its upper nnrface 
is washed by the tides upon the beacn ; & mile farther to the sonth- 
east, it rises twenty five feet above the shore, and a few hundred 
yards beyond this, it gently sinks again, so that two mites from Am- 
boy it is overlaid by the ordinary dark bine astringent clay. There 
are two principal banks or quarries where this clay is procured on a 
ratlier extensive scale. In that nearest to South Amboy, which goes 
under the name of Churchill's bank, the mass has been excavated to 
the depth of twenty-five feet. The lowest bed, wliich is that princi- 
pally naed, is a grayish blue clay, which, on drying, becomes nearly 
"white. Besides a large proportion of alnmina, it contains a large 

anantity of silica, in a minutely subdivided condition. Scattered 
ii'ough it occnr numerous dark epecka, which seem to be sutphuret 
of iron in a state of decompositiou. After the surface uf this clay 
has been exposed for some time to the air, these specks acquire a light 
yellow color, which most probably arises from the oxidation of the 
iron. It ia a curions fact, that the clay in which these dark specks 
are seen, id preferred in the manufacture of the stoneware, for which 
the material is chiefly used. Kesting immediately above this layer, 
there is a variegated or mottled variety, often most beautifully stained 
with red, green, and other colored blotches. This, which is called 
peach hlossom cJay, is mixed with the former sort to make a particalar 
variety of the pottery. About a fourth of a mile further to the south- 
east is another very extensive clay bank, the property of Mr. 0. 
Morgan. At this spot, the lowest layer seen above the beach, is a 
variegated gray SAnd of nnknown thickness, its surface being near 
tlje level of the tide. Immediately upon it rests the bed of clay, 
which varies in thickness from nine to twenty-one feet. It closely 
resembles Chnrchill'e in composition, and is a very superior clay for 
making the kind of pottery called stoneware. In one part of the bed 
the clay contains a little mica in very minnte scales. This ia said 
greatly to injure its value as a materiftl for making pottery. Other 
portions contain the dark specks supposed to be nsefuL Some bands 
in this portion of the stratum are rwldish, and furnish the peach bioe- 
som clay. A white astringent efflorescence, probably a sulphate of 
alumina and iron, or s kind of alnm, is found upon a certam layer 
near the upper part of the bed. Tliis seems to be derived from the 
decomposition of the sulphuret of iron, which appears to be a char- 
acteristic component of the whole aeries of strata of which this clay 
bed is a member. The upper surface of the clay, though slightly nn- 
dalating, is pretty nearly horizontal. Immediately upon it there 
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ocean, ia man; places, s layer of s&od of it few inches thickneBs, 
which coDtaiDB vegetable relics, such as fragmentB of wood completely 
carbonized, and in the state of lignite, aud also Bmall pieces of nearly 
pure charcoal. Amler also occnrs here, called rosin by the workmen. 

nesting on the top of this layer is a bed of variegated sand, streaked 
witli white, gray, red, and other colors. This is in some places ten 
feet thick, and over it, at various elevations, is a layer, generally 
about two feet thick, of the tough dark-bine astringent clay, showine 
a yellowish efflorescence of copperaa upon its exposed surface. R 
contains, as this material very freqnently does, a good deal of mica 
in minnte scales, and a considerable proportion of common siliceous 
sand. This upper bed increases in thickness as we advance towards 
the meadows of the Cheesequakes, and southeast of More&n'B excava- 
tions none of the underlying clay has been found. In all probability 
it lies a little helow the level of the beach, though it. is possible that 
it mav either thin out or grtiduate into the dark clay that elsewhere 
lies above it. 

On the top of the uppermost bed of sand above described, bat 
somewhat nearer Botith Amboy than the commencement of the dark 
astringent cl^, there is a yellow and much coarser sand, extending up 
to the soil. In this place its total thlckaess above the white clay is 
twenty feet. The materials of this uppermost layer are sometimes as 
coarse as gravel ; and it seems to belong to the superficial diluvinm, 
as it has an irregular undulttting outline which strongly contrast with 
the nearly straight surfaces of toe beils beneath, A similar exhibi- 
tion of tlie diluvial sand and gravel reposing upon the other sands, 
and the dark clay here de^icribed, may lie witnessed at various placea 
open the Camden and Amboy railroad, aud also conspicuously in the 
banks at the White Hill, wht;re the line separating the two depoaira 
is very distinct. It is undulating, as if the original surface of the 
lower bed had been scooped by the currents that carritid along the 
Band and gravel now forming tne upper or diluvial stratnm. 

Analysis. 

Potter's Clay, MorgarCt Bank, South Amboy. 

Desertion. — Mottled white and red tbroaghoat the mass, but 
more particularly on tlie earface; highly gritty between the teeth j 
by calcination at a fall red heat becomes of a brick red color. 
In 100 parts it contains : 

Silica, 67-6 

Alumina, ..... is-g 

Peroxide of iron, - . - - 6*6 
Water, ..... 9-3 

Loss, 1-7 

100-0 
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SECTION II. 
Oreensand Jformation — " Marl." 

Geographical Range. — The eecond diviaion of the iipper eecondarj 
series, which, in allnsion to its pectliar compoeition, I Iiave entitled . 
the greenaand formation, is by far the moet interesting portion of the 
vhole deposit, whether we consider the curioae properties of its chief 
constituent, the interesting relations of its nntnerons foesilg, or the 
highly valoable Qse as a fertilizing agent, to which a large portion of 
the stratum is applicable. 

Dipping at a very gently inclination towards the southeast, its lower 
layers rise to the surface, and are finally lost towards the northwest, 
along the irregalar denuded margin already referred to as forming 
the Boutheastern limit of the nnaerlying potter's clays. Traced in 
detail, this northwestern boundary of the greenaand formation may 
be described with sufficient accuracy as commencing at the soathero 
shore of the Baritan Bay, a little to the northwest of the western 
terminarioQ of the Highlands of Nevesink, about the month of Comp- 
ton's creek. Its course from this point, where the underlying strata 
are seen to rise above the level of the water, is a little south of west, 
past the small village of Mount Pleasant, to Deep run. From Deep 
run, the visible limit of the greenaand t^es a nearly south direction 
for nearly two miles, and then a westerly one to tne Matchanonix 
creek, which it crosses about two milea southeast of Spotswooa. It 
next crosses the Manalapan, two miles above the mills marked on the 
map as Mount's, previously sweeping in a somewhat concave line to 
the southeast. Between the Manalapan and the Millstone streams, 
it preseuts a similar curve towards the southeast, appearing on the 
latter about half a mile above the spot called the Ked Tavern. Thence, 
bending as before, first to the south and then to the west, it crosses 
Rocky Brook, half a mile below Milford. From this point its course 
is first south to Empty run, then southwest to Doctor's creek, a little 
above Allentown, and then westrsouthwest along the southern side of 
the same stream to Croaswick's creek, which it passes about half a mile 
above the little village called Groveville. From Crosswick'o creek to 
Burlington creek the line of the greensand is nearly straight, crossing 
BUck's, Crafts, and Burlington creeks, each at pointa about one mile 
and a half from the Delaware. Passing the latter stream it recedes 
somewhat from the river, meeting Bancocns creek about four miles 
above its mouth, near Franklin Park and Pensankin creek, one mile 
west of Moorestown. Its course next ia a little more westward, to 
Cooper's creek, down which the stratum extends to within four miles 
ofCfamdon. Sweeping again slightly to the south, the line reaches 
Timber creek, one mile and a half Irom the river. Thence its direc- 
tion ia nearly weat-southwest as far as Racoon creek, the line crossing 
in the interval Woodbury creek near Woodbury, and Mantua creek 
near Sandtown. Fasaing Racoon creek about one mile below Swedes- 
boro, it dt;flect3 more toUie south and pursues a nearly straight course 
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to its point or termination near Salem, crossing Oldman's creek at 
ScnlltowD, and Salum creek abont two milea west of Sliarptown. 

The umlulationa of tliis northwestern boundary of tlie greensand 
appear to ari^e lees trom any variations in the Rmoiint of the sonth- 
east <lip, which is nowhere more than barely preceptible, than 
from ihe inequalities in the denuSation of tht) stratnm along its 
margin, and more especially frum the irregular overlapping; of the 
diluvial covering, which, particularly in theeastern aide of Middlesex, 
conceals (he true limit of the formation in all the higher tracts of 
ground between the streams, and giv<8 to the visible boundary the 
curving outline alluded to. The denuding flood, which has evidently 
swept along the valley of tlie Delaware, seems, in cnrving to the 
south, to have cut away a Urge portion of the greensand, which origi- 
nally extended southwest of Oldtnan's creek, giving to it a wedge-like 
form at its termination near Salem. The true strike or direction of 
the stratum would carry its northwest margin to the Delaware some- 
where opposite Newcastle, as shown by the position of this side of 
tiie formation, where it reappears in tlie State of Delaware, in the 
vicinity of Bowersville. The oblique course of the denudation across 
the belt is further manifested in the nearly north and south direction 
of its margin on the western side of the river. In consequence of 
this, the southwest point of the formation in New Jersey lies opposite 
the general southeast margin in Delaware ; and the northwest termi- 
nation of the tract in the latter State, is in the prolongation of the 
general northwest edge already traced across New Jersey as far as 
Old man's creek. 

From the point where the northwest boundary of the greensand 
commences, the formation is exposed for a considerable height along 
the base of tlie Neveslnk Highlands, the whole distance from Comp- 
ton*s creek to the mouth of the Nevesink river. South of this point 
it appears along both aides of Shrewsbnry river, east of the head of 
whicti it is seen skirting (be eea coast. From about two miles north 
of Long Branch, southward as far as Shark Inlet, the stratum reaches 
almost to the ocean beach, being only hidden in places bv R euper- 
flcial covering of white eand, blown for a short distance inland from 
the shore. We do not find it either at the sea side or for three miles 
in the interior anywhere sonth of the estuary of the Shark river. 
But a little west ot the Poor Honse the edge of the formation crosses 
Shark river and takes a gently undulating conrse towards the south- 
west. 

In consequence of the wooded character of the country along the 
southeastern side of the greensand, and the irregular and obscure 
manner in which the white sands overltip this stratum, the southeast 
boundary is much less capable of being distinctly dutined than that 
on the northwest. Aiming at as close an approximation to accuracy 
OS the structure and condition of the region will permit, I have traced 
the margin of the formation from Shark river to where it crosses the 
Manasqunn river, abont one mile east of Sqaankum. Its general 
course thence ia nearly westward until it is seen on Tom's river, 
which it crosses about a mile northeast of Goshen. Assuming, in 
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this ueighborlioud, a nearly soiitliweBt direction, and passing near tlie 
above village, it ranges about a mile to the Bontheast of New Eojypt, 
and passes Scrabbletowo to Uancocne creek, which intersects it about 
one mile east of Pemberton. Thence it passes abont one mile and a 
half eootheast of Vincentown, and a mile sOHtheast of Medford, reach- 
ing Timber creek near Clementon. It lies rather more than a mile to 
the southeast of Blackwood town. On Mantua creek, the limit of the 
grcensand is rather further to the soniheast, being visible near a mill* 
dam, abont two miles in a direct line from Glussboro. Upon Gaccoon 
creek its position is nearly two miles to the southeast of Mullicu Hill, 
and upon Salem creek about half a mile east of Woodstown. Pursu- 
ing the same general southwest direction, it is seen on Mannington 
creek, three-fourths of a mile to the southeast of Mttnnington Hill, 
beyond which to Salem, whore it terminates, it f 'llowa very nearly 
the margin of the meadows of Fenwick's creek. 

The belt embraced between the two lines thus delineated, has the 
form of a long and acutely tapering w^dge. the base of whicli it traced 
by the coast of the Atlantic Ocean ana Sandy Hook bay — the point 
being marked by the limit of the farm bind north of Salem. A slight 
incliiiHtiuD of the surface of this formation may be shown to exist 
uniformly from its northensteru towards its soutliweatern extremity. 
Independently of proofs derived from tlie known elevation of the 
country at various points, we have evidence of the correctness of this 
statement by merely observing the positiou which the belt occupies 
in relation to the streams in the dincrent portions of its range. In 
Monmouth, where it ie widest, it includes the head waters of nearly 
all the streams which empty either into the Atlantic Ocean or the 
Raritan and Delaware rivei-s. But, crossing Burlington, Gloucester, 
and Salem counties, its position, as we advance soutbwestward, is 
nearer and nearer to tlie mouths of the several cret^ks entering tlie 
Delaware. Tlie whole of the strata have been manifestly uplifted to 
ft greater height in Monmouth than else *hero, which circumstance, 
in connexion with the less extensive denudations of the northwest 
side of the belt, readily explains the breadth of the formation in that 
quarter. 

The area here designated as including the whole of the visible 

greensand formation, embraces also several local, insulated tracts of 
le other overlying divisions of the upper secondary series. These 
are obviously but the remnants of strata whicli at one time spread 
themselves extensively over the greensand. The gem-ral souUicast. dip 
of all these deposits renders their existence benea'h the superficial 
sands of the region to the southeast eztremely probable. To tlie 
almost universal destruction of the yellow sand ana brown sandstone, 
vhich form the two upper strata of the series, we am to ascribe, I 
conceive, the deep and general covering of loose yeltowisli and niiite 
sands which conceal the rest of the formations throughout so large a 
portion ol the region southeast of the greensand belt. 
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Compoaiiion of the Oreensand or " Marl " Formations. 

The greeosaiid formation comprises, strictly speaking, several sab- 
ordinate beds, all belonging, however, to two principal varieties. In 
the iirst of these, the green granular inineral is tlie predominant aad 
characteristic ingredient The second consists, on the other hand, of 
a dnrk-blne clay, mingled with more or lees siltceous sand. This lat- 
ter material cunstitntes the nsnal floor upon wliicli the trne greensand 
deposit reals ; and It occnrs, in like manner, especially in the nortbera 
and eastern portions of Monmouth county, both above the uppermost 
visible greeusand and inchided between ila beds in one or more 
alternations. Appearances would seem also to indicate that these 
two deposits replace each other in the same bed, when traced for con- 
siderable distances. Indications of this passage from the one material 
to the other are chiefly discoverable in the lower portions of the 
formation, or along its northwestern margin. As the same dark clay, 
associated with the greensand, abounds throughout the upper portion 
of the next inferior division of the series, or that which we have styled 
the potters' clay formation, it is impossible distinctly to define the 
lower limit of the true greensand formation. I shall, fur convenience 
sake, however, group all the strata below the lowest bed of greensand, 
with the division containing the potters' clay. 

The external characters, and usual chemical composition of these 
bine astringent clays lying adjacent to the greensand, have been de- 
scribed in the preceding section, when treating of the lower ptrt of 
the Buries, to which deposits thoy more etrictly belong than to the 

treensand. I shall coniine myself, therefore, m this section, to a 
escription of that part of the present formation which mainly char- 
acterizes it, namely, the greensand deposit itself. 

C'ompoaiiion of tKe Greensand. 

Description. — The predominant and often the sole ingredient in this 
bed, is a peculiar mineral occurring always in the form of small dark 
granules, about the size ot grains of gunpowder. Their form is 
roucdish, and they are often composed of two or three smaller ones 
united together, a distinct feature, by which they may at once be rec- 
ognized from other dark kinds of sands. Tliough they contain, oa 
an average, nearly fifty per cent, of silica, they are not gritty, but 
may be readily bruised oetween the teeth, or upon the nail, and some 
varieties, when moistened, admit of being kneaded into a half plastic 
mass, like impure clay. The prevailing color of the grains is a dup 
green, though sometimes the tint is as light as that of verditer. It is 
often of a dull greenish blue, and not uufrequently of a dark choco- 
late color. 

Along the eastern side of the marl tract in Monmouth, Barling- 
ton, and Gloucester, the stratum comprises very generally two varie- 
ties of the greensand, distinct as to color, and holding generally the 
Bame relative position to each other. The uppermost layer, where it 
appears, (for it is not always present.) is of a light and glowing 
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green, baTiog very nearly the bne of the ereen paint called verditer; 
Tvhile the lower one ie tbe common dark vanety, of a dull bluish- 
greeo, or sometimes of a dall bine color from adberiDe clay. 

In some inataoceB, particularly where the materialconBtitntes the 
Boil, tbe grannies possess & brownish color, the coaieqnence evidently 
of the protocide of iron which tliey contain, having nndergone upon 
tbe surface a change to the condition of tbe peroxide. Tbe dnll color 
so usual to the surfaces of these grains, when contrasted with the 
brighter green within the mass, wonld appear manifestly to proceed 
from tiie same cause. 8ome shade of green may be pronounced to be 
tbe color essential to this mineral, as all the deviations from this tint 
are attributable either to oxidation or to a thin coating of clay which 
frequently eucrnets each grain, and from wbich the deposit is rarely 
altogether free. When a mass of tbe greensand or " marl" is wash- 
ed, especially with water to which a small quantity of an acid has 
been added, we invariably find tbe granules assuming a bright green 
surface. This color is also produced in all cases when we maeb or 
bruise a grain, no matter what may be its color externally. By crash- 
ing the grains upon a sheet of white paper, we have an easy and nn- 
erring test, in tbe color of the streak, by which to recognize this ma- 
terial from all other varieties of sand. 

Though the green granular mineral here described conatitntee tbe 
esseotlaT and distinctive ingredient in the greensand stratum, it rarely 
exists unassociated with several extraneous substances, particularly 
day and whiU aiUceoua atmd. These constitute sometimes as 
large a proportion as fifty per cent, of tbe bed, causing much variety 
in its external aspect, and influencing materially its properties as an 
sgricoltnral agent. The sand which 19 generally white or semi-trans- 
parent quartz, existing usually in relatively small amount, tbe clayey 
matter being ordinai-ily the most abundant This latter is of several 
tints, hat is commonly of a light grey or lead color. It is also occa- 
sionally chocolate colored, brown, and even nearly white. Ooating 
frequently the surfaces of the green grains, it conceals their true 
color, imparting its own hue to the entire mass. As it is 'somewhat 
adhesive when moist, it gives to tbe stratum where it is abundant tbe 
character of a partially plastic clay. Besides the white sand and 
this clayey material, we often find a minute quantity of finely divided 
mica mingled with the greensand. 

Sabjectmg tbe marl in the compound condition in which it occurs 
in the stratum to analysis, mechanically peiformed, I have ascertained- 
the relative proportions of its several ingredients for a great number 
of localities. A large body of results will be presented in the sec- 
tion treating of the economical details of the greensand formation. 
Bat in tbe mean time, with a view to exbibit the prevailing compo- 
sition of the stratum, tbe seven following anal^es are pre-ented. 
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Analtsib of the " Mabi. " 



■ Middtetown Point, 



A specimen froTD, the pit of William Little, n. 
Monmoittk county. 

The material at this locality is of a liglit etone-graj, incliDed to 
greenieh. Closol; Gxamtned, the green grannies are easily distinguish- 
able. At a little distance it has the aspect of a light colored cltiy. 
The greeosand procnred from it by wasliing is of a light green color. 
When separated into its constitaents, 100 parte, allbrd : 

Oreeaeand, ----- 46-73 

Clay, 53-27 

Qnartzose eaod, • - - . - ooDe. 

100-00 

A specimen /tvm Thorp*s pita, n^ar Squankum, Monmouth county, 
\upper part of tM bed.) 

This marl is of a dnrk leaden gray color, oving to the presence of 
a large proportion of clay. The greensand when freed from thi:- ad- 
hering clay by washing, is of a dark green. Besides the clay, ihe 
mass contains a considerable proportion of qnartzose sand. 
100 parts, affurd : 

Greensand, .... - 58-35 

Clay, - - - 27-64 

Qnartzose eand, , . - - 14-00 

10000 

A speciinen from Homer's pits, near the Bridge, Hornersloicn, 
Monmouth county. 

Tlie color of this marl is a rather light green. After having been 
waaiied, its greensand thongli toneisling cbiefly of bright green gran- 
nies, contains, also, some ot a brown ferruginous color. Besides a 
rather large nmonut of clay, this marl possesses a small per centjige 
of qnartzose sand. 
100 parts, afford ; 

O-.^l;.....;..;, . - , . 75-90 

Clay, ... - 20-10 

Quartzose sand, . . - . 4-00 

100-00 

A ^cimen from John Woolston^e pU, one fourth of a mile south of 
Birmingham, near lianeocus creek, Burlington county. 

This marl is but slightly cohesive. Its color is a leaden-gray. 
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Seing washed, the greensand exbibitB a clear green color; it occurs 
ia small grannlos, with a little qaartzose sand admixed, 
100 parts, afford ; 

GreeosaDd, ----- 82-60 

Clay, 10-40 

Qaartzose sand, - - - - 700 

100-00 
A apecmenfrom the PU» of Mr. Sj^man, one mUe and a half ecut 
of Bametbcrotigh, Gtortouter county. 
In its natiTe coodition this marl is of a rich green, rather lighter 
than the mediami tint. The greensand wiiich it yields by washing is 
of a somewhat darker color, bat nniform. The granales are moderate- 
ly large and with very few intermiugled grains of common siliceoos 
sand. Minute grains of carbonate of lime occur in it, bat in trivial 
proportion. 

100 parts afford: 

Greensand, ..... 85*58 

Clay 13-42 

Quartzoee sand, ... - 1-00 

100-00 
A ajpecimen from Jonathan JOley'e Pita at Woodatown, Stdera 
county. 
The marl of this locality is of a dark, dnil, greenish gray with a 
tint of brown. This color is owing to tne ferrugiooQB character of 
its day. It is almost entirely free fi-om qnartzose sand, bnt contains 
a very small amonot of carbonate of lime in minnte granules. When 
washed its greensaind is of a very deep tint, nearly black ; some of 
the grains, Lowever, are brownish. 
IW parts afford : 

Greensand, . . - . - 88-28 

Clay, 11-72 

Qaartzose sand, .... none. 

Carbouate of lime, • - - a trace. 

loooe 

A apecirnen from the Farm of Jamea Smith, Mannington SiU, Sa^ 
iem county. 
This marl has a rather green color of the average depth of tint. 
When washed the greensand is of a rich dark green. 
100 parts afford ; 

Greensand, .... - 88-80 

Clay, 10-20 

Qaartzose e&nd, . - - - i-oo 

100-00 
10 
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iJeBidee the ahiminoiis and siliceous matters here recorded as 
nsnally present with the greensand in the general mass, there occur 
occasionally several oilier substances which, though coinparalively 
minute in quantity, are posaessed of active properties. Some of iheso 
materials are prouably aeleterionB, while some are imdoubteilly bene- 
cial in their action upon vegetation. The enhstaiices referred to are 
carbonate of lime, already mentioned, sulphate of iron, sulphate of 
alumina, sulphate of Ihne, and sulphate of magnesia, also phosphate of 
iron. 

They appear to be derived, mainly at least, from constituents in 
the clay, and only very partially, if at all, from elements in tlie green- 
sand itself. 

Tlie carbonatu of lime, in most instances, we can trace to fos^ 
shelU and other organic remains imbedded in the stratum. The sul- 
phate efiron obviously proceeds from the action of the atmosphere 
and moisture on the sulphuret of iron, so abundant in tlie clay ; and 
the eulpliatc of alumina from tlie union of a portion of the euiphuric 
acid thus developed with the argillaceous eartii of the clay ; while the 
sulphates of lime and magnesia may ri'sult, either from the combina- 
tion of the same acid with some of the lime and magnesia, eomelimea 
present, in a minute share, in the green mineral, or, more probably, 
from its reaction on the carbonates of lime and magnesia, existing, 
like the sulphuret of iron, in an insulated state. The phosphate of 
iron is no donbt derived from phosphoric acid, traceable to the animal 
remains acting on oxide of iron. 

Several of theso substances develop themselves upon tlio mass of 
the marl after it has been dug and exposed to the atmosphere, in the 
form of a white efllorefcGnce, encrusting alike the clayey matter and 
the granules of ereensand with a delicate crystallization resembling a 
light frost. Collected, and carefully examined and analyzed, this 
emorescence will be found almost invariably to consist, when it is a 
of a pure white, of either the sulphate of magnesia or sulphate of 
lime (gypsum), the latter predominating; and sometimes these two 
occur nnited. In some instances we recognise it to contain the sul- 
phate of magnesia (epsom salts), in sufficient quantity to be distin- 
guishable by its taste. A yellowish tint and an astringent flavor are 
apparent when it consists cuiefly of the sulphates of alumina and iroD. 
Tlie carbonate of lime more generally shows itself, not in the shape of 
an efflorescence on the surface, like the others, but dispersed in min- 
ute granules throughout the body of the marl. Many of those cal- 
/sareous granules arc grains of dolomite, analogous in composition to 
the magnesian variety of tne limestone which overlies the green- 
sand whence probably Ihe true source of the sulphate of magnesia 
above referred to. When the traces of shells are very numerous in 
the bed, and their conversion into the sulphate of lime has happened 
on the large scale, the gypsum forms a conspicuous part ol a soft, 
while clayey matter derived from the shells and interspersed among 
the green grains. Tlie mixed mass of carbonate and sulphate of lima 
is then usually in a yellowish-white chalky condition. Sometimes we 
may detect ihe gypsum in the marl in theshape of small regular crys- 
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t«1s of tranftparent adenite, at times bo minate as only to be detected 
by the magnifier. 

Yarions fossil Bliella and other marine or^nic remaioe, amonotiDg 
to considerably more than one hundred sp&Mt, are scattered thrODga 
the greensand. Tbey do not occur very evenly distribnted, hnt lie 
toeetlier in groups or eoloniea, forming layers, often a few feet in 
thickness, which extend oyer moderately large spaces. These collec- 
tions of fossils wonid seem to be most abandant in those parts of the 
stratnm which consist iHreely of the greensand. 

The water percolating tnrongb the overlying sands, and also through 
the pri;viou8 greensand iCeel^ bas effected, and is daily effecting, 
important changes in the condition of the shells and other foeeils ; 
B<Hnetimes replacing their carbonate of lime with oxide of iron, some- 
times removing it altogether, and leaving a mere monld, forming 
either an inner or outer cast, and sometimes obliterating nearly every 
trace of their furuier presence. Wo can perhaps nowhere meet with 
a better exemplification of the varions alterations induced by the 
infiltration of water throngh poraa strata, than are here to be witness- 
ed in these greensands ana their associate deposits, where nnmerons 
Bnbstitntions of the elements are continnally in progress, and where 
every species of dissolving and cementing action is hourly going foi^ 
ward upon an extensive scale. 

The oxide of iron, the chief sonrces of which, as I have hinted, are 
the snlpbaret of iron in the clays of the greensand and the fermgiuoos 
particles uf the overlying yellow sands, is frequently so abundantly 
introdoced into the marl stratnm, as to act the part extensively per- 
formed by it in nature, of a oemeni, binding firmly together into a 
semi-rocky mass, the materiale with which it is in contact When 
tliifl occurs the marl is often rendered too liard to be excavated by 
the ordinary implements. When indurated or solidified from this 
cause, it is most commonly in tbe form of large ronnd concrettODB, 
from the size of a bushel to that of a barrel, lying in borisontal layers 
generally near the top of the stratum. These masses thrown ont and 
exposed to the frosts of a winter, most nsnally crumble down into the 
friable state so essential to form a aseful marl ; and the material 
seems to be not in any way impared in its virtues, from having been 
nnited in snch firm cohesion. When the cementing action has pro- 
ceeded farther, a regalar stratnm of indurated greensand rock exhibits 
itself. Sach may Be seen in some portions of the clifiPs on the bay 
side in the Keveeink hills, large bloclcs of it strewing the beach, and 
offering some beautifnl specimens of a fine brownish-green rock, in 
which ilie green granules are dispersed through a cement (or paste), 
deeply colored by oxide of iion, giving the whole a pleasing variety 
of tint. 

Tbe above descriptions embraces tbe principal changes which the 
materials of tbe greensand formation seems to have undergone since 
their original deposition. They claim attention, not merely for the 
elncidation they afford of some of nature's most important operations, 
performed in her quiet laboratory by her silent bnc potent cnemistry. 
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bot for tbs valuable practical eii^gestions they fiimiah" concerning tbe 
greeDSand deposit !a its interesting light of & fertilizer of tlie soil. 

lie total thickness of tbe greensand formation, eslimating it from 
the bottom of the lowermost layers ahomidiDg in tbe green granular 
mineral to the overlying yellow ferruginous sands, or the limestone 
bed, when this i^ present, may be stated approximately at abont one 
hundred feet. The only place in the whole district where it is prac- 
ticable to ascertain, with any approach to accuracy, either the depth 
of the formation, or the relative situation and number of the separate 
beds which it comprises, is along the ehore of Sandy Hook bay in 
tbe cliffs of t!ia Nevesink highlands. This, the only coast section of 
the strata, is still an imperfect one; large masses of the upper beds, 
fallen from above, covering the lower deposits from the water aide. 
It would appear from what we behold in these cliffa, aa well as from 
evidence collected throughout the "marl region," that the greensaod 
constitutes generally but a single stratum, conceived to be continnoos 
beneath the whole district, and to be itself, in many places, more than 
thirty foet in thickness. That it is occasionally divided into two or 
even more subordinate thinner bods by bands of clay and sand, which 
are sometimes interpolated, and swell to a thickness of several feet, is 
obvious enough from the featuroj seen in many excavations. But it 
should rather be considered as a deposit remarkable for the perma- 
nency of its composition, thickness, and external fealnree. Owing to 
the large amount of water which it usually contains, the greensand 
is rarely penetrated in tbe numerous diggings which are made in it 
for the marl, to a greater depth than aoout twenty feet, the pits be- 
coming at that limit too wet to be prosecuted deeper. 

In one or two instances wells have been sunk through the stratum 
and the depth of the greensand ascertained to be about thirty feet, ae 
already mentioned. 

Specif Gravity. — Tbe specific gravity of the green granular min- 
eral, carefully freed from all extraneous adhering matter is, according 
to several experiments cautiously made, about 2.63. Three dit!crent 
specimens, taken from remote localities, gave for the two lowest each 
3.63 ; for the highest 2.70. 

The hardness of this mineral varies materially, being dependent 
somewhat upon the time elapsed after it has been dug ; it is softest 
when moist and recently uncovered. Freshly extracted, its hardness 
ofti;u Juca Out ^iv.cd luut oi la'.e; udi whtu lojg uucuvoiud and 
dry, it nearly equals that of p-ynsum 

It would appear Dy cxperimuut to be entirely insohiblp v\ wi't^r, 
both cold ami builiug ; bai; it dissoi^'es wiia toieraole tacility in any 
of the strongfir acids, though different specimens vary materially ia 
this respect. 

Chemical Composition of the'Oreen Mineral. 

From a number of analyses of tlie green sand, selected with the 
greatest care for the purpose, and ascertained to be entirely free from 
extraneous matter, it would seem that this mineral is not quite uniform 
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in itB composition, bat exhibits slight Tariatioas id the proportioBS of 
its principal constitaents. 

The following results will serve to display its prevailing chemical 
nature, and the moderate flnctuation of the several ingredients : 

GreenMnd of Thorp^i Marl, SquattJcum. 

J)e«cripiu>n. — Color, a dark olive-green ; grannies of a medinm 
size ; it composes 58.36 per cent, of the marl of the upper part of the 
bed, and 73.36 per cent, of the lower. 
Uompoaition. — In 100 parts : 

Silica, 51.00 

Alnmina, ..... g,50 
Protoxide of iron, - - . . 21.85 

Potaah, . - . . . 10.50 

Lime, - - - • - a trace. 
Magnesia, ..... i,06 
Water, 9.00 

99.68 

Oreensand ofJo$epk Vanderveer's Marl, freehold, Monmouth county. 

Description, — Color of the grannies, rich green ; size, small ; com- 
poses 70 per cent, of the opper part of the hed, and 92 per c^nt. of 
the lower, 
Composition. — In 100 parts ; 

Silica, ..... 50.00 

Alumina, ..... 7.00 

Protoxide of iron, .... 22.00 

Potash, 11.00 

Lime, ..... i.oo 

Magnesia, • - - - - a trace. 

Water, 9.00 

100.00 

Oreenaand of the Marl of Poke SHI, near Plattsburg, Burlington 
county. 

De8oription.—^Oo\oT of the granales, a rich dark olive-green ; their 
size, rather above the medinm ; composes 98 per cent, oftbe marl. 
Composition — In 100 parts : 

Silica, 60-76 

Alnmina, .... 6-50 

Protoxide of iron, . - - - 33' 14 

Potash, 12-96 

Water 7-50 

99-85 
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Qremaand of the Marl from the Pits of Thomas Etlwards, But 
ton county. 

Deteription. — Color a rather light grayish green ; tlio grftiinki 

Bomewhat less than tlie mediam size; it forma 93*51 per cent, of tht 
marl. 

Composition. — In 100 parts : 

"Silica, ..... 51-00 

Alumina, .... 6*75 

Protoxide of iron, - - - - 23-00 

Potash, ----- 11-00 

Lime, ----- ft trace. 

Magnesia, - - . . none. 

"Water, 9-00 

99-75 

Oreenaand from the Marl at Svesham, BurlingLon coumiy. 

Description. — Color of the granules a medium tint of green ; their 
aize rather large ; constitutes alaioat the whole of the marl. 
Composition. — In 100 parts : 

"Silica, 48-50 

Alumina, - . . . 7-50 

Protoxide of iron, .... 22-80 

Potash, 11-00 

Water, 9 50 

99-30 

Oreenaand from the Marl of Joaiak Heritage, two miles and a half 
east of Bamemirough, Gloucester county. 

Description. — Color of the granules a very dark, olive green, ap- 
proaching black \ size rather large ; forms 93-70 per cent, of the marl. 

Composition. — In 100 parts : l^^H 

Silica, 47-50 ^H 

Alumina, .... 7-84 i^^H 

Protoxide of iron, .... 2378 ^^H 

Potash, . - . . . 11-11 ^^H 

Lime, ..... o-50 ^^H 

Water, 9-00 ^^H 

99'73 ^H 

Greenland from tJm Marl of Mickad Allen's Pits, one mile andt^^^ 
half east of Miillica Hill, Gloucester county. 

Description. — Color of the grannies brownish green ; they are of 
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about the medium size ; cODstitnte 96-86 per cent, of the marl. 
Composition. — In 100 parts : 

"Silica, 48-60 

AlumiDft, .... T-00 

Protoxide of iroD, .... 21-40 

Potaah, ^- - . - - 12.90 

Lime, * - • - - a trace. 

Magnesia, .... 1-00 

Water, 8-80 



Oreentand from the Marl of Elijah Horner's Pits, one mile and a 
haif southwest of JMtUlioa 3iU, Oloucester county. 

r Descrijption. — Color of the grannlea, a rich greeo, rather darker 
than the average, size large ; forms 90-76 per cent of the marl. 
Componiion. — Id 100 parts : 

Silica, 5109 

Alumina, .... g-23 

Protoxide of iron, ... - 31-99 

Potash, 1 iz4« 

Magnesia, [ - - - - 14-06 

Water, 6-51 

100-88 

Qrtensandfrom Marl of Benjamin Gndsoti's ^t, three miles north- 
eaaiof Woodstown. 

DescryfOon. — Color of the granules, a dark rich olii^e-green ; size, 
ratlier large ; constitutes 90 per cent of the marl. 
Composition. — In 100 parts : 

Silica, 48-85 

Alumina, .... 9-85 

Protoxide of iron, .... 20.86 

Potash, .... 11-73 

Lime, ..... o-60 

Water, 9-00 

99-79 

Ore^aand from Marl of Allen Wallaces pits, two miles and a 
hAf west-northwest of Woodstown, Salem County. 

Descr^tion. — Color of the grannies, a dark green ; size, rather 
large; constitntee 90 per cent, of the marl. 
Composition.- — In 100 parts. 

■silica, ..... 48.40 

Alumina, .... 7-30 
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Protoxide of iron, 
FotsBb, - 
Lime, 
Water, 



11-47 
1-20 



Greenmnd from MaH of Jonathan Cauhy'a pita, ihreefaurihs of 
a mile noiihwest of Woodstown. 

DUcripiion.—CoioT of tbe grannies, a rather dark olive-green; 
size, large ; constitutes 86 per cent, of the marl. 

Gompnatiion. — In 100 parts : 

S'J'ca, 48-45 

A]nminB, - - . . g-go 

Protoxide of iron, - . . . 24-31 

Potash, - - - . . ^2-01 

^"e> ----- a Iiace. 

Water, g.40 



Greensand from Marl of Samuel White's pits, Woodstown. 

.Description. —Color of (he grannies, the medinm tint of green; 

size, somewhat large; composes 88-26 per cent, of the Btralnm. 

Composition, — In 100 parte : 

"^ilica, 50-16 

Aluminn, - . . . q.qq 

Protoxide of iron, - - . . 24-74 

Potash, - . . . . 11-70 
Lime, - . . . 
Water, .... 



a trace. 
7-00 




99-60 
Oretmand from Marl of Paul SculTs pits, three miles northwest 
of ScuUtown, Salem Vounty. 

Description.— Coior of the granules, a very dark green ; composes 
91-5 per cent, of tlie marh ■'&>(■ 

Composition. — In 100 parts : 

^'|"°»'. 51-50 

Alumina, - . . . q.^q 

Protoxide of iron, - - - . 24.30 

Potash, - - - . . g".gg 

Magnesia, ----- a trace. 

Waier, - - . . . ^.^q 
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Oreensand from Marl of Jamea Smith^t pits, Mannington StU, 
near Salem. 

Description. — Color of the granules, a rich dark olive-green ; size, 
rather lajge ; forms 88.8 per cent, of the mart. 
Composition. — In 100 parts : 

■Silica, 50.00 

Alamina, - - - - 6.99 

Ptotorideofiron, - - - - 20.99 

Potash, . . , . 10.99 

Water, 10.00 

98.97 

Compariag the details of these Beveral anal^seB, we perceive that 
the greensand, even when of the greatest purity, is not absolutely 
couBtaot, either in the nature of the ingredients which enter into its 
composition, or in their relative proportions. The percentage of the 
8ili4Xt is seen to vary from 47.5 to 61.5 ; that of the alumina from 6 
to 9.35 ; that of the protoxide of iron from 20.86 to 24.74 ; that of 
the jwtash from 9.96 to 12.96 ; and that of the weUer from 5.5 to 9.5. 
We lind, moreover, that in some instances, besides these elements, 
lime enters into the constitation of the greensand, in other cases uiag- 
nesia ; while occasionally both occor. The amount of these eart^ 
is, however, always inconsiderable. 

From the above series of analyses, it appears that the mean pro- 
portion of the silica is approximately 49.5 per cent. ; that of the alu- 
mina 7.3 ; of the protoxide of iron 22.8 ; of the potash 11.5 ; and of 
the water 7.9 per cent. ; white the lims when present seldom exceeds 
one half per cent, and the magnesia is rarely more than a mere trace. 

A comparison of the greensand of New Jersey with tijat of Europe 
shows no essential difference in their chemical nature. Jif. Berthier, 
an able French chemist, has snalvzed that of the vicinity of Havre, 
in France, and reports the fullowiiig as ita composition: 

Greensand of Havre, in France 

Composition. — In 100 parts : 

Silica, - - ■ ' - . . 50 

Alamina, ..... 7 

Protoside of iron, - - - - 21 

Potash, ..... 10 

Water, 11 

Loss, .--... 1 

100 

The late lamented chemist. Dr. Edward Tamer of London, also ex- 
amined with great care the chemical constitution of the greensand of 
Sent, in England. 
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His experiments gave in the 100 parts: 



Sili 



ica. 



Alumina, 
Protoxide of iron, 
Potash, - 
Magnesia, 
Water, - 



48-6 

17-0 

23-0 

a trace. 

3-8 

TO 



98-3 



The absence of potash in the sreen grannies of the English green- 
sand, and the large proportion ot magnesia are facts not a little re- 
markable. 

ECONOMICAL BELATI0N8 OF THE GBBENSAND FOSMATtOK. 

Abundant evidence might be adduced to prove that the true fer- 
tilizing principle in marl is not lime but potash. The Analyses 
which nave been made give iis in several cases no lime at all, and 
where a small proportion of liiue is present in the green gr&nular 
mineral it is in a combined state, ohemically united with the other 
ingredients, and not traceable to the organic remains, which are in 
many of these instaiices not present in the stratum. Besides, the 
quantity of shelly matter, even where the shells are plentiful is so 
disproportionatelv small, and the tnatterof the shells oft^n so firta 
and unsusceptible of that easy disintegration, necessary to fbrm a 
calcareous marl adapted to act speedily upon the crop, that the striking 
effects witnessed from the marl dan in nowise be attributed to the 
trivial amount of lime which the shells mav occasionally fdrnish to 
the land. Nevertheless, as some feebly benencial effects iiiay possibly 
Arise from this source, it may be of service to thie agriculttirist, in 
dhoosing between different fossiliferoas marls, to attend to the nature 
6f the particular fossils, and the state of more or less decomposition 
or change in which they are to be found. It must be borne in mind, 
that a large portion of the visible marl stratum is immediately over- 
spread by a very porous layer of yellow ferruginous sand, and that 
tnis introduces to it a perpetual supply of water, furnished with ^reat 
regularity, as from an tmmense jUttr. From the upper or ferrugvnoM 
sand it must descend, charged often with a considerable amount of 
the oxide of iron, as may be seen in the abundant ochreous sediment 
which it almost always deposits as it issues from the surface or upper 
part of the marl bed. It is ready, therefore, to precipitate this oxide 
of iron upon any substance capable of displacing it from the water, 
and meeting with the more soluble carbonate of lime of the shells, an 
interchange of materials arises, and the calcareous matter of the shells 
is dissolved and carried awav, while the oxide of iron takes its place. 
Hence we often see the shells of a deep yellow or brown color, and 
upon inspection they are found to consist less of carbonate of lime 
than of oxide of iron. In such case they are to be regarded as wholly 
inert upon the soil, a«, in fact, so much useless matter, usurping the 
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place of a far more eerriceable substance, the greensaad or marl. But 
this is not the only change which seenie to have been effected in the 
foreign materiala of the marl by tliie unceaeiag infiltration of water, 
I have before allnded to the pecniiar compoBiCion of the overlying 
dark blue aBtringent clay, and to the fact that it frequently contains 
a aeDBible gnantity of the ealphate of iron pr copperas ; and that both 
this clay and ita astringent impregnations are very often mingled 
throngh the granular marl itself, ^ow, the water from either of 
these flaarces must dissolve in its passage a considerable qnantity of 
the copperas (an easily soluble Biibstance), and where (here are shells 
or other calcareons fossils, it must carry with it a portion of the car- 
bonate of lime deriveti from them. These two substances coming 
together in a state of solntion, a chemical reaction, of course, ensaes, 
both the sulphate of iron and carbonate of lime are decomposed by 
the mntnal affinities of their ingredients, and the result is a precipi- 
tation of the oxide of iron of tne former, and a combination of tne 
enlphuric acid and the lime to form sulphate of lime or gypsum,. 
That such is the fact is apparent from our finding, in many cases, a 
aensible amount of gypsnm, either in the earthy state or in mimite 
crystals intermixed with the marl ; and from oar observing besides, 
that when the gy|>snm is in greatest plenty, we can most generally 
discover a strong snlphurons odor, an evidence upon ground^ before 
explained of the existence of snlpliuret of iron, nnder^oing a conver- 
Bion into the rnlphaU cf iron. It will stiggeat itself to every one, 
that the existence, even in small quantities, of so potent a stimalaot 
to vegetation as gypsum, mnst have a powerful influence in modifying 
the nsiafnl properties of the marl containi'ig it. Yet it must not be 
inferred from this, that the efficacy of the greensaiid is owing to the 
gjpsam which I have shown to be frequently present The com- 
parative inertoees of -plaster upon the sandy soils of parts of the region 
where the marl has never been applied, as in several places near 
Balem, is a fact in itself anfficient to overthrow this notion, even if it 
WCTe not true that very mnny marls, ivbich do not contain gypecm in 
any shape, are endowed with the highest fertilizing power. 

IXncHont for Sdeeting and Analyzing the Oreenaand. 

The valnable fertilising pmpertiee of the greensand, and the ex- 
tensive use which is made of it in agriculture thronghont nearly the 
whole of the region which it occnpies, sngKCst the propriety of our 
offering in this place, some practical directions for selecting, analyzing 
and applying it. 

In seeking for the marl stratnm in neighborhoods where it is likely 
to occur, but where a covering of any of the superficial deposits ob- 
scares it, the primary point to be romemhered is, that the truegreen- 
eand stratnm is the lnwest accessible deposit of tiie region. We should 
find out, therefore, the deepest depressions of tlie land, such as the 
meadows and natural ravines, and by the use of an auger or other 
instrument for boring the ground, several feet in length, ascertain 
wbether the stratum lies sufficiently near the surface to be easily and 
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economicollj uncovered. A rather sure guide to the marl is afforded 

by llie aspect and composition of the earth existing at and near the 
surface. Siiould it be all greenish, or contain apoii close inspection, 
any of the green granules, the probabililj' is tliat the marl lies 
beneath at a very moilerate depth, and tlie chances augrntnt when 
we find our borings bring up an increneing proportion of this mine- 
ral as we descend. I have repeatedly found the position of ihe marl 
stratum indicated by the trickUns fortli uf the water from the foot of 
a bank, for the water is almost invariably seen to issue along the top 
of either the dark clay or the true mart. 

Forjudging of the quality of a marl by observation, some famili- 
arity with the multiform aspects which it assnmee is indifipen sable. 
The leading rule, however, is to bear in minJ that the lurtilizing 
efficacy of the compound, resides in the minute ronnd, greenish grains 
which compose moat, or sometimes all of it; and that it seems, 
moreover, to be dependent upon the proportion in these green grains 
of those powerful alkaline sticnnlanta to vegetation, j>otash &r\d lime, 
but especially potash. The first thing then, ie to approximate to the 
relative quantity of the green grains in the whole mass, and this may 
be effected with a greater or leaa degree <if accuracy in several ways. 
The simplest and readiefet method is lo employ a small pockot magnify- 
ing-glass, and to become familiar with the d<irk-grecn grains, so as to 
distinguish them at once from other dark varieties of sjind which some- 
times occur associated wiih them. A little practice will very soon 
enable one to use the glass expertly, and to arrive at a pretty true 
estimate of the probable per centage of the green granules. But as 
these granules cannot sometimes be distingaiehed from the grains of 
ordinary white flinty sand, or from otlier kinds, in consequence of the 
particles being all alike coated with a tliin tilm of the dark cementing 
clay, it will be useful to adopt some method of bringing out under 
the magnifier their different churacteiistics of color and f^jrm. Let 
the mass be washed in a large glass tumbler, and repeatedly agitated 
with the water until as much of the clay as possible has been detached 
from Ihe groins. After pouring off the turbid water by repeated 
rinsings, and permitting it to settle until clear, we may estimate the 
comparative quamity ot clay in different marls by the relative amount 
of sediment wliicli subsides. If we wish to be more accurate, we can 
weigh out a given quantity of the marl, then pursue the above plan, 
and decant the clear water from the clay ; and after thoroughly dry- 
ing the chiy, weigh it to ascertain its amount. Ilaving got away 
mtjBtofthe clay, we should spread out the granular matter upon a 
sheet of paper and dry it, when there will be no further difHculty ia 
distinguishing, by their color and lustre, the foreign impurities from 
the grains of true marl ; and alsoof estimating the relative abundance 
of each. When the marl to be examined coutains much clay, I would 
recommend the experiments to be made on a regularly weighed quan- 
tity, weighing both the clayey wnd the granular portions. A delicate 
apothecary's balance will commonly be found accurate enough. 
Another more expeditious, though less accurate method, is merely to 
dry the marl, eprcad it extremely thin upon a slieet of white paper, 
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and then hold it near a window or in the light, to examine it carefully 
by the magnifier. The flinty aand, tliongh stained with clay, may 
then be clearly diacerned in coneequence of ita tranaparency ; whereas 
when we inspect a aolid lump, all the particles npon the surface are 
nearly alike dark. 

A usefal sugs^estion is, to place a portion of the marl upon a hot. 
shovel or on the top of a stove, when all the granules will chanee 
from their ordinary green tint to a light red or brick color, while the 
other materials of the mass sustain little alteration. This will often 
render obvious to tbe naked eye the proportion of the green grains. 

When there is a yellowish or whitish incruBtation upon the marl 
after the moist surface has remained for some time exposed to the 
weather, it is indicative of the existence of a portion of either copperas 
or sulphate of alumina, the hurtful nature of which has already oeen 
explained. 

An astringent inky ia«ta will very often detect the presence of these 
noxious Bubstancee, at times wben no such efflorescence shows itself. 
If the quantity be boo small to betray them distinctly to tbe palate, 
and we are still in donbt as to their presence, other more rigorous 
tests are wirhin onr reach ; and as these astringent matters are so 
unquestionably ]>ernicioQB in their action, it is of importance to have 
the means of aeterminiuE^ in what proportion they abound in different 
marls. This can be effected wito precision only by a systematic 
chemical analysis, but their existence can he made to appear by the 
following simple tests : — Fut a small portion of tbe marl in a flask 
or other thin glass vessel ; pour npon it some pure water, and heat it 
moderately. After cansing tlie water to dissolve in this way as much 
as poesible, remove the heat and let it settle; then decant the dear 
fluid into some glass vessel, snch as a wine glass. If there is any 
copperas present it will he evident upon adding to tbe fluid a little 
lime-water, which will prodace a niilkv tnrbidness that after a little 
while will become stained of a yellowish-brown color. The milkiness 
is owing to the formation of gypsum, and the brown color to oxide of 
iron from the copperas. Or, in lieu of this, add a solution of oak- 
bark ; and if copperas be present we shall have a dark, inky color 
at once produce. 

A good marl will, npon being squeezed in the hand, fall asunder 
again rather than bake into a tongn, doughy mass ; and, upon being 
left in heaps to dry, will assume a light grayish-green color, and will 
be extremely crumily. It seems to be a very general cliarncteristio 
of the better class of marls, that they throw out a white efflorescence 
or cmst upon those grains which are most exposed to the air ; hence 
the very light color externally which some neaps of marl possess. 
This crnst I have already shown to consist usually of the snlpnate of 
lime (gjipsiim), sulphate of magnesia, and carbonate of lime. A drop 
or two of strong vinegar, or any strong acid, will produce an effer- 
vescence OT frvtAing it it bo thecur^nafeof lime; and should nothing 
of this kind take place, we may set it down to be gypsum. Of 
course, from the minuteness of the qnaotity of the while coating, 
much care and accuracy of observation are demanded in doing this, 
in order to avoid erroneous conclusions. 
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Marls deemed equally good with the kind showing the efflo- 
rcescence very frequently occnr exhibiting none of the white incrost- 
ation. 

It does not seem that any general rale may be given for dibtingaishing 
the fertilizing properties of a marl by its mere color ^ as it must appear 
from what has been said, that the peculiar shade of color is frequently 
owing to the color of the intermingled day. When the mass, how- 
ever, is comparatively free from clay or common sand, and consists of 
little else than the ^reensand, observations go to show that the rather 
dark green variety is more potent in its effects than the very light 
green, which sometimes overlies it. 

The presence or absence of shells I look upon to be a point of but 
little moment, for I find that several of the most active marls in the 
region show no traces of fossils. The whole amount of carbonate of 
lime in the shape of fossils, and in that of the occasional white incrust- 
ation upon the grains, can in very few instances amount to one per 
cent; while, as analajsis shows, the lime, chemically combined with 
the other ingredients in the green grains, is sometimes one per cent,^ 
and the potash nearly twel/oeper cmL 

There yet remains, however, a more important, and by far more 
difficult inquiry, namely, into the exa(^ constitution of the groen 
grains, in order to determine the percentage of the several ingredients 
or the richness of the marl in potash and lime. I had entertained 
hopes that the external aspect of the grains might perhaps depend, in 
part, on the presence and proportion of these bodies, and that mere 
tnspectiany after multiplied analyses were made, migfit enable any 
one following certain directions, to inform himself whether a marl 
abounded in these essentials or not. But I find that so far from being 
a mineral of definite and constant proportions, as some mineralogists 
have regarded it, the greensand is in fact a compound which fiuct nates 
considerably in its external characters and its chemical composition. 
The numerous analytical results which I have presented will abund- 
antly prove this. It is manitisst, therefore, that we possess no shorter 
method to discover the exact quantity of the potash than to subject 
the marl to a systematic chemical analysis. 

Three different plans have been pursued in procuring the composi- 
tion of the marls described in this work. The first consisted in sepa- 
rating, mechanically, that is to say, by washing and selecting the 
several ingredients — the greensand, the clay, and the quartzose sand, 
together with any carbonate of lime which may be present. The 
secondy in analyzing systematically the green granular mineral, with 
a view to determine accurately its constitution. The thirds in par- 
tially analyzing the marl for the purpose of ascertaining the propor- 
tion of its chiefly efficacious element, the potash. Besides determining 
the relative quantity of potash by the two latter methods, it has been 
approximately estimated for a series of specimens too numerous to be 
subjected to the more operose process of analysis, by ascertaining by 
the first mode the amount of the green mineral, and then calculating 
from the average per centage of potash, the proportion in which it 
prevails in the particular marl. 
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Thongh it ia not preeamed tbat among those engaged in agricnUnre, 
more than a verj few persons poaaees toe reguiBite chemicfQ ekill, or 
the facilities for this species of research, yet for the sake of Bnch as 
may chance to be competent to execute this kind of analysis, I have 
thought it well to introdnce a statement of the method of analyziog 
the mineral in question. Several plans, modifications of the same 
general method, have been tried for tlie purpose of arriving, if poa- 
Bible, at some mode saffioiently simple to make it practicable by tuoee 
who possess bat a limited knowledge of analytical chemistry. Sat 
the nature of the compound seems not to admit of either a very direct 
or expeditions mode of operation. 

Method of AntUyzing tke Q^reensand, 

1. Digest the mass in a flask with pretty strong muriatic acid, by a 
sandbatU heat for at least three days, or boil it actively for five or six 
hours. Every thine is dissolved but the silioOf which must be filtered, 
ignited and weighed. 

2. Precipitate the oxide of iron and cdumina by ammonia and esti- 
mate them together, and detach the alumina by oaustio potash, 

3. Evaporate the amoniscal solution to total dryness, and heat the 
mass tu incipient redness, to expel the muriate of ammonia. There 
remain the chlorides of calcium, magnesium, and potassium, which 
redissolve in water, dividing the liquor. 

4. To one half add oxalate of ammonia, and separate the lime, then 
by ammonia and jihospliate of soda separate tlie TnaoTieaia. Sabtract 
the combined weight of these two computed as chlorides, from the 
original triple chloride, and we have the chloride of potassium. 

5. Now evaporate tiie other half again to dryness, and dissolve 
up all the chlorides of ciilcinm and magnesium br alcohcl, and dry 
and weigh the residunl chloride of potassium. If further check is 
necessary, convert this into chloroplatinste of potassium, and estimate 
the potash from this. 

Sugoeaiiontfor correcting the Ifoxious Effects qf the Astringeni 
Clay unaerlynig and aaaociated with the Greemand, and for using 
it as a Marl. 

From the descriptions of this stratum already presented, it appears 
that the action of^this astringent mass upon the crop is deciaedly 
pernicious, wlien the material is employed in any amount beyond the 
most stinted doses; and the cause of its poisonous property would 
seem, judging from the chemical analyses made, and from other evid- 
ence, to be attributable to the acid reaction of the astringent ingredi- 
ents which it possesses, namely, the copperas and sulphate of alu- 
mina. 

Ooppera!>, though a neutral salt) is well known to chemists to exert 
an acid reaction, and hence we are not Co be amazed that a clay con- 
taiuing it in obvious quantities, should bum, or more strictly poison 
the vegetation. Knowing, as we do, the source of the deleterioaa 
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propertiet of tbe d»j, a few smple eorrec-'iTea soggeat Uienudret, 
and mc-h m any one viibing to me this sabstancc as a sabedmte for 

marl may adopt. 

Mj first recommendation to the farmer who is about to make use 
of tbit clay npon hii aoJl is, that he be earefal to select, when be ha> 
the ch>nce, that varietj which eontains the green graonlar material of 
the tme marl, and to avoid altoeether tbe kind which is whoUj desti- 
tnte of this ttibstance. When Uie green grains ar« prettj nomeroos 
in tbe mass, as the; are near Spotswood^ Borliogton, Camden, aod 
generally npon the northwest side of tbe marl tract, I wonld then ad- 
vise its use, bnt guarded by the following precautions. Let the clay 
be dag several months before it is to be sorttered on tbe land, aod let 
it be spread oat in broad, »haUme, flat heaps, where tbe rains may 
■oak throngh it and carry away the copperas and snipbate of alnmioa, 
which, from their well known solobility, will be easily dissolved and 
washed out. Tbe green mineral does not dissolve in water, and 
hence, while the rains will pnrify the mass, no less of its more active 
portions can happen. Namerous attempts at nsing this clay as a 
marl bare shown, that though noxions at first, it is often permanently 
beneficial to the land, after the second, third, or fonrtb year ; a fact 
wbich I a'tribnte to the gradoal escape of the oatringeat matter by 
the rain. Though I do not think that the ezposnre of even an entire 
winter will always suffice to rob the clay of all the solphates (cop- 
peras, dec.,)' which it may contain, yet it bids fair to do mach gijod, 
and therefore deserves a carefnl trial. 

I have to offer another, and, I tbiok, far more promising sng^tion, 
for making the better jportiona of this stratum beneficial in their 
effects npon the soil, Cnemists are aware that both tbe eolphate of 
iron ana the sulphate of alumina are decompos&d by caucus lime; 
and the antidote I propose is fonnded upon t^ia fact. My recom- 
mendation is, to add to every beop of this Bparioae astringent marl 
a small qnantity of/reshly burnt time, and to mingle them tliorough- 
ly toftetlier. llie sulphunc acid of the copperas or alnm earth, or of 
both if present, will pass over to the lime and form sulphate of lime, 
(^ijp9um OT plaster,) the valne of which, as a stimulant to vegitation, 
IB well understood ; tbe other ingredienta (the oxide of iron and 
clay), will, on being liberated, contribute also towards improving the 
texturo of the soil should it be sandy. A bushel of lime to every 
huhdred bushels, or five tons of the mass, will in most cases be suffi- 
cient to nc. tra!izc nil iW- Z'^V.lrig-^-it vwf.-:- p:-c3 ^.^, lind to convert it 
Into, or rather replace it by, gypsum. The dressing of an acre of 
such a mixtnro viU contain of green marl, of gypsum, and of uncom- 
bined lime, and lime in a state of carbonate, in all probability fully 
enough to impart to the soil a most deciaed improvement in poiut 
of fertility. 

Lastly, 1 wonld recommend, for this astringent marly clay, the same 
oouree so appropriate also in regard to tbe lime : I mean tbe practice 
of making a compost of the substance with the common manure of 
the farm. 

This, like the former snggestion, ia justified by good chemical rea- 
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-sons. In the fermentation of animal manure, ammonia always 
escapcB in greater or less qnautitj ; and ammonia, like lime, hue tue 
power of decomposing the eulpliatea of iron and alumina. la ibia 
caso, however, eypsam is not a prodncl. 

From what is nere said it will be obvious that when a field has 
beeu made sterile by the iudiscreet nse of this ca ustic ctay, a ready 
«nd certain remedy will be found by spreading upon every acre a few 
bushels of nowlv made lime. 

Should these liints, which are designed to render useful certain por- 
tions of this lower stratum, receive their final corroboration from ex- 
perience, we may consider that the area of the region susceptible of 
improvement by marling without the expense of hauling tiie mate- 
rial from a distance, has been in many districts doubled or tripled in 
extent. To ascertain wbetlier the clay possesses a snfHcient share of 
the green granules to warrant a trial of it upon the land, it may be 
necessary to employ the aid of a small magnifying-glatB, wbiph will 
be found by every farmer to be of indispensable nse in the discrim- 
ination of all greenssnd marls. 

SECTION III. 

Lime^ne of Salem, Ohuoeeter, and Burlington countiet. 

Besting immediately over the greensand formation, we find occasi- 
only the locally developed and thin calcareous rock which we have 
defined Hs the 'thi7'd formation of tbe upper secondary series. Though 
unimportant as re^iarde ilB tliicknese and tbe extent of surface which 
it occnpies, it derives value from its usefulness as a source of lime 
in a district having no other calcareous stratum, while considerable 
interest attaches to it from the number of its fossils and its affinity to 
an extensive and thick foimation in the Southern States — the lower 
limestone of Alabama. 

Geographical Eatent. — ^Tlie general range of the stratnm is from 
a point a little norlheast of Salem, past Woodatown, Blackwood town, 
Mullica Hill, Vinccntown, and New Egypt to Prospertown ; beyond 
which I have been as yet unable to discover a trtice of it. But it is 
not to be inferred that it exists as a stratnm of mnch extent or impor- 
tance throughout all of this Ion? line. It has hitherto been detected 
at distant points only, and nowhere but in Mnnnington, Siilem coun- 
ty, does it cover a wide area, or possess more than a very insignificant 
tbicknees. It lies along the sontlieaetern edge of the visible marl 
tract, and if it dips at all, it is towards the southeast, to nnderlie the 
ferruginous sands. At its greatest width, four miles northeast of 
Salem, it can be traced over a breadth of three-foiirtlts of a mile. Its 
thickness in the same neighborhood, as proved by a well sunk through 
it, is as ^rcat in one spot as twenty feet ^ IhoM^ elsewliere in ttte 
same vicinity it is not more than six or eight. Near Vinccntown it 
seems to bo still less ; and upon the branches of Crosswick's creek, it 
is I educed to leas than one foot. The stratnm preserves its prevailing 




7J\'r 



'.3 



i! 



^ 

4 



» 






f • 



'» ; 



I 



162 



GEOLOGY OF NEW JERSEY. 



strnctore and position , at its several localities* leaving ns in no uncer- 
tainty as to its identity. 

Coniposition and Aspect. — ^Tbis rock is usually a soft yellowish or 
straw-colored limestone, with a structure varying from sub-crystalline 
to coarsely granular. It is often replete with organic remains, the 
disintegrated shells and corals, and other fossils composing a consider- 
able portion of the mass. Much of the rock contains impurities, as 
sand, clay and oxide of iron ; and its value as a limestone is therefore 
very variable. At times it is little else than a sandstone, in which 
the sand is cemented together by a trace of lime. It occurs with this 
character in loose rounded masses, resting above the marl, at Woods- 
town. Again it exists as a-iSrm calcareous rock. This is its state in 
some places near Salem, in Mannington township. In the several 
accompanying analyses, the composition of the leading varieties of the 
rock may be accurately seen. The limestone is nowhere to be found 
in thick, massive strata ; on the other hand it occurs only in thin 
horizontal beds, or irregular layers, not often more than four or six 
inches thick, and commonly separated bv a thin parting of sand and 
carbonate of lime in small grains, to all appearance an incohering 
mixture of the same materials that form the rock itself. The more 
calcareous beds have not unfrequently some resemblance to some of 
the thin oolitic strata of England, in consequence chiefly of the 
granidarform of much of the carbonate of lime ; together with the 
innumerable fragments of fossils which sometimes form almost half of 
the mass. Unless attentively observed, this rock will appear much 
more sandy than it actually is, owing to some of the carbonate of lime 
being in the shape of small round yellow grains, like those of sand. 
Occasionally, especially near the bottom of the stratum, where it 
adjoins the marl, it contains a sensible proportion of the green grains, 
sometimes in such abundance as to unfit it for being burnt into lime, 
the potash and other ingredients of the green mineral serving to vitrify 
it and form a kind of slag. 

LOCAL DETAILS. 

Mannington. — ^Tbe most southwestern spot at which this limestone 
appears, is east of Mannington Hill, about three miles from Salem. 
It occurs in the banks bordering the meadows of Mannington creek, 
on tlie farm of Miss Parrot, lying two or three feet beneath the sur- 
face. The stratum hero is of alight yellow color, and consists of 
minute fragments of shells and other fossils in a chalky state, together 
with grains of qnartzose sand, and a few granules of greensand, all 
invested by particles of carbonate of lime. The rock is in thinly 
bedded layers from three to five inches thick, accompanied by a 
calcareous sand, differing in no respect but in the absence of cohesion 
from the material of the limestone. This sand rests both above and 
between the more solid layers. 
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Analysit of the Limestone from the farm of JUiss Parrot^ near Man' 
ningtcn Mill, SaUm county. 

Desoriptum. — Color, atraw-jellow, granuUr, and Babcryatalline ; 
foeailiferons. 

Compoeition. — In 100 parts: 

Carbonate of lime, . , - - 81 -SS 

Carbonate of Maenesia, - - - 1*95 

AlnmiDft and oxide of iron, - • - 1'04 

Inaolable matter, - - - 14.61 

Water and 1088, - - . . i-oa 

100-00 

On the &rm of Mr. W. Petit, in the vicinity of ManniDgton Hill, 
tbelimeetone dieplajB itself inconsiderable thickness, the layers of 
the rock alternating with the calcareons sand ae described aboTe. 
This locality ie about a mile and a half sonth-weetward from the 
poor-boose. 

The following analysis exhibits the proportion of carbonate of lime 
in the limestone of this neighborhood. 

Analytie tf the Upper Secondary LimatUme of Woodnut Petit, Sa- 
lem county. 



ComjKtiiiion.—la 100 parts : 




Carbonate of lime, 


77-80 


Carbonate of magoeaia, - 


1-20 


Alomina and oxide of iron, - 


1-80 


loeoloble matter, 


17-80 


Water, . . . . 


1-12 



99-72 

ThiB Btratnm is destined to prove of signal service to the agricoltare 
of all the region adjacent to it, for lime is particularly nsefol upon 
lands destitute of calcareous matter, like some of the more sandy 
tracis of New Jersey. The lime from this rock in Salem is growing 
rapidly into use. I wonid recommend — as promising to prove highlv 
beneficial — the soft, friable, uncoacreted parts of the stratum whioa 
lie between the solid layere, especially near the bottom of the forma- 
tion. Being already in a pulverulent state, and composed chiefly of 
carbonate of lime, with occasionally some of the grains of the green 
marl, the whole must constitute a calcareous man, admirably twapt- 
ed to ameliorate the lands of the surroundin? country. 

Both tbe limestone and the calcareous sana occar well developed 
on the farm of Mr. J. Ridgeway, near Mannineton Hill. The rock 
at this place has a subcrystalline texture, being tolerably well cement- 
ed ; towards the centre of the layers it ia of a olniBh color. It is quar- 
ried to some extent aod burned on the Bpot, yielding a very good 
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lime. The price of this lime U aboot nine cents per bushel. The 
calcareoDS esnd of this place ia also growing into demand as a aiarl, 
and is vended at the rate of twelve and a half cents per load. 

Analyfif of ZimesUme from the Farm of HaUeton Staetfy SaUm 
county. 

Description. — Color straw yellow, compact, anbcrystalline »nd 
grannlar ; consiste largely of the fragmenia of fossils. 
Composition. — In 100 parts ; 

Carbonate of lime, - - - - 75-5« 

Carbonate of magnesia, - . - 1-20 

Alnmina and oxide of iron, • - - 2-50 

Insoluble matter, - - 18*49 

Water, .... - 2-00 

d»-75 

Salem Creek, east of Woodttovm. — To the sontbeast of Woodstown, 
upon Salem creek, the limestone is visible in two or three places, 
thoDgb rather deeply covered by dilnvial sand. I cannot loam that 
it has attracted attention or been burned for lime. It seems to be of 
' very local extent, thongh poeaibly the main portion of the stratum has 
not yet b^en exposed. 

Near MitUica HiU. — The limestone is found on the small tributa- 
ries of KHccocin creek, at two places abont a mile and a half sonth- 
west of HnllicB Hill. Thonga not as highly calcareous aa that near 
Mannington Ilill, it effcrvescea actively with an acid, and contains a 
moderate proportion of shells in a fragmentary condition. It occurs 
in flat, thin layers, separated by more or lesa of the calcareons sand. 
Its total thickness lias not been ascertained, the stratuni having been 
quarried to a very limited extent for the purpose of procuring lime. 
Dj selecting the more compact and crystalliue portions of this rock, 
and observing proper precautions in the burning, it affords a very 
good lime for agricnltural purposes. This material ia exposed in the 
banks of a meadow on Kaccoon creek, ou the farm of Charles Batten, 
where it shows the following beds : 

1. Dark miciiceoua earth, thickness variable. 

2. Similar beds, abounding in fragments of white 

fiiable shells, - - - - 1 ft 6 in. 

3. Soft, por'.'US, fosiiiliforouB limestone, - 4 

4. Calcareous sand, with shells, - - - 10 
b. Gray, compact, subcrystalliue limestone, - 10 

6, Calcareons pand, - - - - 2 6 

7. Hard subcrystalline HmeBtone only penetrated 

to thedopth of eight inches; it ia prooably con- 
siderably thicker, - • . - 8 

The more compact bands of the limestone afford a very good lime. 

Near Bamsboro. — ^Two miles and a half east of Barnsboro, the cal- 
ceroua stratum occurs near Mantua creek, on the farm of Josiah Her- 
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itage. The Inyera of the rock are between bix and eight inches thick. 
It consists chiefly of eommiuuted fragments of shell and other fosBils, 
and scattered grains of ordinary siliceous saod, aod a few grannies 
of greensand. It is a gray limestone, the interior of the mass having 
some degree of compactness, and promises with caro in the calcina- 
tion, to yield a lime fit for the purposes of the agricaltnrist. 

Analysis of the Limestone overlying the Marl on tJie farm of Josiah 
Heritage, near Blackwoodstovm, Gloucester county. 

Description. — Yellowish-gray, granular, and Bubcrystalline, and 
TCry fossiliferons. 

Composition, — In 100 parts : 

Carbonate of lime, .... 750 
Carbonate o 



I magnesia, 
Alumina and oxide of iron, 
Insoluble matter, - 
Water, - 



2-5 
18-T 
1-7 



I^ear JBlachusoodatovm. — Upon the southern branch of Timber 
creek, the limestone is again met with south of Blackwoodstown. As 
in the other localities above mcntionerl, its thin layers are divided by 
more or lees calcareous sand, a bed of which also overlies it at this 
place. The relative order of the beds commcncine with the diln- 
vinm, and extending to the sarface of the greensand stratum, is as 
follows : 

1. Diluvial sand and gravel, 

2. Yellow ferruginous sand, - . - - 

3. Dark ferrnginons clay, very tough, 

4. Gray siliceo-calcareous sand, containing fossils similar 

to those of the underlying limestone, 

5. Yellowish-gray limestone, in thin irregular flagsy lay- 

ers, contains several species of shells, and the eschara 
digitata in considerable abundance, - 

6. Greensand marl, at the level of the stream. 
Clementon. — In the vicinity of Clementon, on the north branch of 

Timber creek, the limestone shows itself in several places, occurring 
in thin horizontal bands, about six inches in thickness, imbedded 
between layers of the calcareous sand. These layers are some of thera 
two and a half ftet thick, furnishing an abundance of excellent cal- 
careous marl, which is used to a small amount in the neighborhood, 
and with striking benefit to the crops. The llmestoue itself is quarried 
and converted into lime. The upper surface of the stratum is about 
twenty-five feet above the level of tlie Etream, and is overlaid by about 
five feet of diluvial matter. 

The stratification here presents a somewhat eingnlar anomaly, the 
calcareous snnd forming in some places tall narrow cones or emin- 
ences, rising almost through the overlying stratum, which fills th 
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interTAlft between tbem. Some of these eones are /our feet hi^^ 
and two or three feet in diameter. 

Analj/M cf LimesUmefrom the Farm (f Mr. Isaac Thamfpmn^ 

near CHemerUonj Gloucester Couniy. 



CoTn^poeiiicn. — ^In 100 parts : 
Carbonate of lime, 
Carbonate of magnesia, 
Alnmioa and oxide of iron, 
Insoluble matter. 
Water, - 



770 
1-5 
20 

180 
10 

»d.5 



The fossils in this limestone are some of them verj beautiful and in 
high preservation. Among them occurs the species Eechara di^iiata 
in Tast qaantities ; also, Spatanffue^ parastatue^ Ananchytes omctusj 
and A. frnthriai/as^ and an eckmvs ; besides, AnthophyUum^ Atlafi- 
ticvmj Scalaria a/wnvlataj (hyphea convexaj O. vomer, Flustra 
sagena, and the teredo ; together with several more zoophjtes and 
shells. 

Med/ord. — ^At Charles Haines's mill, two miles below Medford, on 
the creek, a section is seen exhibiting on the top a greenish siliceous 
sand ; beneath this, a gray sand some feet thick, containing a small 
proportion of the green granules, and under this again the straw- 
colored limestone two feet thick. 

These beds hold the same order and are identical with those above 
the green marl at New Egypt and elsewhere, towards the eastern 
side of the ^^ marl tract." One-fourth of a mile from the mill the beds 
have been cut through in digging a well into the greensand stratum 
underneath. The limestone was reached between seven and eight 
feet below the surface. It was in thin, irregular beds, separated bj 
incohering sand and calcareous grains, simil^ to the mixture which 
composes the rock ; its total thickness is about six feet ; the organic 
remains are the same which characterize the limestone at Yincen- 
town. 

The limestone belt, measured from northwest to southeast, appears, 
as far as exposed, to be about one mile wide, and there are pretty 
good reasons for concluding that it expands still more to the south- 
east. ^ 

Vmcentown. — ^Tlie thin limestone stratum of the vicinity of Yin- 
centown extends to the northeast as far as Benjamin Peacock's, on 
the road between Yincentown and Pemberton, and one mile from the 
limekiln, on the south branch of the Rancocus. To the southwest it 
extends between Yincentown and Mediord, and is seen on the farm 
of James Lippincott. It occurs at Hosea Moore's, on the Bed Lion 
road, three and a half miles from Lumberton. 

I do not think it at all established that Benjamin Peacock's is the 
extreme northeastern limit of this formation, for there is a thin band 
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of calcareoas rock in the marl bank at New Egypt which is almost 
identical in character with the rock at tbe limekiln on the Rancocus ; 
and what is remarkable, the top bed at Egypt is identical with the 
top or^ overlying bed at the limekiln, beins a thin layer of a brown' 
isA siliceou8 Bcmd tinged here and there witn green. This wonld ex- 
tend the limits of tbe limestone mnch towards the northeast. On the 
Bancocns it is very thin, consisting of two layers, each only six or 
eight inches thick, and separated by eighteen inches of sand. It 
overlies the mwrl as we know the corresponding stratum does in 
Mannington, Salem county. 

Analysis of the Yellow LitnesUme^ from the neighiorhood of Eayrs* 

toumj Burlington county. 

Lime, ------ 49*09 

Oarbonic acid, - - . . 38*81 

Silica and other impurities, - - - 9*00 

Water, ----- 8-00 

100-00 

It is, in many places, a verr pure limestone, containing ninety per 
cent, of carbonate of lime, it oas a structure somewhat resembling 
certain varieties of the oolite of Europe, imparting to it a granular 
and sandy aspect, which might lead the careless observer to regard 
it as a more impure limestone than it is. 



SECTION IV. 

Ferruginous YeUow Sand — Fomuxtion IV. Brown Sandstone and 

CongloTneraie — Formoition V. 

Oeographieal range and Extent of the YMow Ferruginous Sand. — 
This formation occurs immediately above the greensand, unless where 
tbe thin fossiliferous limestone intervenes, and directly beneath the 
brown sandstone. Its position is usually at the base and in the sides 
of the outlying hills capped by the sandstone, and it probably spreads 
extensively to the southeast of the marl region in the district called 
" the pines." 

Oeographieal Ea^ent and Composition of the Brown Sandstone. — 
Tbe circumstances under which tnis stratum occurs, have, in the Mne- 
ral way, been already mentioned. The brown sandstone is tound 
high upon the sides, or crowning the tops of all the insulated hills 
scattered over this district of the State ; it lies in masses of all dimen- 
sions, from considerable blocks to pebbles the size of gravel, strewing 
the adjacent portions of the plain, and constituting, in fact, in its dis- 
integrated state, an essential part of the surface matter of the district. 
Being the only native material of the nature of building stone known 
or employed throughout the lower section of the State, it becomes a 
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matter of inierest to agcertain and trace I'a nninerons detoctied bedsr 
■o as to repreeeiit their place and extent upon the map. It is obviooft 
that tbe top'igraphy of the map of the St^ie is not eufficiently minate 
for sDch a purpose ; and it is tqanlly manifest tliat the task, however 
osefal, wnnid far exceed tbe scope and time allotted (o this general 
anrvey. rhon{;h I atn not iililc, tlJerefore, to specify ai) the localities 
of tlds rock, which indeed are very nnmeroiie, it may be iisefal to 
mention that the hightr tbe ground ihe more likely we are to find it 
in a mass, and that It is by no means confined to the distinctly formed 
hills, but occurs extonsirely in the more elevated parts of the inter- 
mediate country. We may state, moreover, that '.he larger and more 
angular aro tbe loose fragments scattered around, the greater is the 
probability that the rock exists in a solid stratum near at hand. The 
rock consists of two varieties, the one a coarse sandstone, the grains 
of quartz being cemented by brown oxide of iron, which colors (he 
whole mass ; and tlie other a similar sandstone, containing, in addi- 
tion, small white or yellowish pebbles of qnarlz, giving it the charac- 
ter of a pnddingstone. In many instances I have found the finer 
grained variety to lie beneath tlie other, but whether this be a nni- 
versal rule or not 1 cannot say. 

The most conspicuous of the detached hills containing the two fer- 
raginouB strata before na, ore : 

The Nevvsink range, on tbe aonthem shore of Sandy Hook bay ; 
the range soutli and southeast of Middletown; tlie two isolated hills 
near lud Bank; those near GoU's Neck; tbe Sand Hille, between 
New Ijrnnswick and Kingston ; Monnt Hoily ; Arney's Mount, near 
Julinstown ; tiie Eveshnm Mount ; the Hill at the monih of Shark 
river; and the Forked River Hills, near Barnegat. 

Besides thtse localities there are several others where the brown 
sandstone, the uppermost of the series, occurs at an elevation but 
little exceeding that of the general surface of the district. One of 
these poiuts is about four miles from Burlington, on the road to Monnt 
Holly. 

Hie ordinary condition of the yellow ferruginous sand is that of a 
looae, dry, and rather coarse sand, deeply stained by the hydrated 
peroxide of iron. This ingredient is sufficiently abundant m some 
' . . . > • 1 . . . g masses or 

_ _ r atructure. 

These occur in many places in the cliffs of the Highlands of Neve- 
siok, especially at their southeast extremity. In the cliSs near ihe 
mouth of tlie Nevesink river the terriiginous sands contain also nu- 
merous hollow concretions composed of tlie same brown mixture of 
■and and oxide of iron, havirig the shape of buttles, flasks, and hol- 
low balls or bombs; and what is curious, these are full of white 
sand, thu ferruginous piirticles seeming to have been withdrawn from 
the Blind within during the formation of this concretion. 

The nearly uniform height at wliich tiie yellow ferrugipous sand, 
and tlie overlaying brown fandstone occur, wherever they are fouod 
in the greensand regiun and the track bounding it on the northwest^ 



places to act as a cement to the sand, ami to form large n 
concrolions of a singular ferruginous sandstone of a cellular a 
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leads ns to infer that these beds were once continnons over the whole 
area at present occupied by the lower mcnibers of the series. 

The oennding cnrrents, which have removed so mnch of these ma- 
terials from the surface of the marl tract, have, in their progress to- 
wards the ocean, deposited apparently a large portion of the looser 
particles, in a general diln vial covering, concealing the strata, through- 
out the whole southeastern side of the southern half of the State. 

The superficial sands thus derived occupy the area generally 
known as the Pines. Constituting, as they do, the debris of strata 
remarkable for their ferruginous composition, we can readily account 
for thejextensive deposits of hog iron ore^ which they furnish where- 
ever circumstances favor a sumcient infiltration of water through 
them. 

OBGAinO REMAINS OF THB UPPEB SBOONDABY 8TBATA. 

It is of little importance to the practical purposes of the present 
report to enter into any details respecting the numerous highly curi- 
ous fossils which abound in the formations, a general description of 
which I have now given. The most fossiliferous beds are the green - 
sand or marl stratum and the limestone, which so generally reposes 
immediately upon it. The fossils from these deposits, together with 
others from some equivalent formations in the Southern States, are 
described, with the requisite details, in an interesting work devoted 
expressly to the subject, by Dr. S. G. Morton, of Philadelphia. This 
highly esteemed contribution to our geology is entitled '' Synopsis of 
the Organic Bemains of the Cretaceous Group of the United 
States,"— 1834. 

To that source I must refer for much specific information respecting 
the individual fossils of the greensand group. I may be allowed, 
however, to indulgo in a few generalizations calculated to impart 
more correct notions than commonly prevail, respecting the nature of 
the fossils, and the relative age and origin of the strata in which they 
are imbedded. 

There have been found, up to the present time, in the marl and the 
depOv^its connected with it, relics of aoont seventy-five extinct species, 
chiefly marine ; of these, at least seven are of the class of large rep- 
tiles, including three species of crocodile; two oi fishes; a tortoise; 
and a wading bird ; upwards of sixty-five are remains of shell-fish, 
corals, and otner tribes low in the scale of organized beings. It is a 
curious fact, that not one of the fossils of this catalogue can be traced 
to belong to any species living in the present day ; and it is a scarcely 
less interesting circumstance that between these fossils and the organic 
remains of the most nearly related strata of Europe, we discover but 
one species, the Pecten Quinqttecostatus^ common to the deposits of 
both continents. 

The first fact determines the place of the marl group to be some- 
where among the secondary rocks, and the generic affinities of the 
fossils to well known fossils of the greensand and chalk formations of 
Europe, makes us naturally regard that part of the secondary series 
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u the moat probable place to wbicb to refer them. The striking 
want of identity between tlie species, rendera it, however, a qnestion 
of macb uncertainty, to what precise formation of the eecondary 
eeriee of Europe these deposits strictly correspond. 

To refer the prodnction of the marl strata of New Jersey to the 
same period which prodaced the greensand rocks of Europe, merely 
in conseqaence of their both containing the green grannlar mineral, 
and to their having, moreover, a general resemblance in their fussils, 
is to commit the decision of the question too far too loose a mode of 
reasoning. Received principles of geological investigation require ns 
rather to consider onr own deposits aa having originated during a 
somewhat diiferent epoch from that which produced the European 
greensand formation. 

The following list embraces nearly all the organic remains of the 
vfper secondary seriet, hitherto discovered in New Jersey. It is 
compiled principally from the synopaU of Dr. Morton. 

OBOASIO BSKAIKS OF THE OBESNSAITD FOBIUTIOH. 



Moiasaurus. — ^Teetb, vertebrse, and bones of the extremities of this 
large massive saurian, have been foand at various points in the 
n^ensand tract, in the excavations made for marl. They are 
uionght to be identical with those of the MosasanrnB of Europe. 

Geosawus. — Teeth, wi;h a portion of the jaw. 

Crocodile. — Teeth and other portions, indicating three species, occur 
in the greensand. 

Saurodon {Says). — Portions of a jaw of an extinct animal : the re- 
lations of which are not very clearly known. It is thought to be 
analogous to the sanrians. 

Great saurian {of Monileur). — I have discovered two vertebrffl in 
the greensand near Big Timber creek, which I regard as either 
identical with, or very closely allied to bones figured by Cuvier 
from Honflenr, which he considers to approach nearer to the plesio- 
savrus than to any other genus. 

Testudo. — Several bones of a large species of the order Testudo. 

Cqprolites. — These bodies have been occasionally met with, especially 
in the neighborhood of Crosswick'a creek, near the top of- the stra- 
tum. In 3ie present instance, they are most probably the fossilized 
dung of a species of crocodile; some of the bones and teeth of 
which occur near them. 



Squalus. — Teeth and vertebne of several species, considered formerly 
to belong to the genus Squalus, but lately placed hy Agassiz under 
genera only more or less allied to the shark, are abundant in nearly 
every part of the greensand formation. 
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Sphyroma. — Part of a jaw and several teeth of this euriotiB genns of 
fishes have been found in the greensand, in Monmouth county. 

BIBDB. 

Scalopaa {Snipe). — A solitary tibia, apparently belonging to this ge- 
nus, has been found in the greensand near Aimeytown. 

TESTAOIEA.. 

Sepia. — Several remains supposed to be of this genus. 
Nautilus Dekayi, (M.) 
Belemmites Americanus, (M.) 

Ambiguous, (M.) 
Ammonites placenta, ifiekay.) 

Deiawarensis, (M.) — Chesapeake and Delaware canal. 
Yanuxemi, (M.) — Chesapeake and Delaware canal. 
Scaphites hippocrepis. 

reniformis, (M.) 
Baculites ovatus, {Say.) 
Bulla lignaria? 
Turritefia vertebroides, (M.) 

encrinoides. 
Bostellaria arenarum, (M.) 

undetermined, (M.) — Casts, Delaware. 
Tornitella bullata, (M.)^ 

A small species ; casts only found. 
Oyjprcda. — A solitary cast, Delaware. 
Patella tentorium, (M.^ — Arneytown. 
Ostrea falcata, (M.) — ^An abundant fossil, 
plumosa, (M.) — Arneytown, 
panda, (M.) — Delaware, 
torosa, (M.) — ^Mullica Hill. 
Gryphea conveza, (M.^ 
matabilis, (M.) 
vomer, (M.) 
Exogyra costata, {Say^ 
Pecten quinquecostatus, {Sawerby.) 
cratioula, (M.) — ^Arneytown. 
venustns, (M.) 
Plagiostoma gregale, (M.) — Burlington coanty. 

pela^icum, (M.) 
Anomia ar^entaria, (M^ — Delaware 

teilinoides, (M.) 
Placuna scabra, (M.) 
Flicatula urticosa, (M.) 
Avicula laripes, (M.) 

A cast ; species undetermined, (M.) 
Pinna. — Two species not determined, (M.) 
Pectwnculvs. — Species undetermined, (M.) 
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CQcalleea vulgnns, (M.) 
aotrosa, (M.) 

NuciUa. — Small casts of aa uaknowa ei)ecic8, (M.) 

Trigooia tlioracica, (M.) 

Cardium. — Apparently two species. 

Cardita? decisa, (M.) — Delaware. 

Crassatella vadosa, (M.) 
tellini, (M.) 

Venilia Conradi, (M.) — Ameytown. 

Oytlierea excarata, (M.) — Arneytown. 

Liitrai ia t 

Pbolodumva occidentalie, (M.) — Delaware. 

Pbolas cituara, (M.) — Monmouth county. 

Toreiio tibialis, (M ) 

Clavagella armikta, (M.) — Arneytown. 

Terebratula Harlani, (M.) — New Ej^pt 
fragilis, (M.) — New Egypt 
S^iyi, (M.) — BurlinztoD eounty. 

Serpula barbata, (M.) — Deal, Monmouth county. 

HamuluB onyx, (M.) 



Astacus. — A small species, Delaware. 

Cancer. — Fragments of several distiDCt species have been fonnd. 

EaHDTODBBUATA. 

Clypeaster florealis, (M.) — Delaware. 

genmetricns, (M.) — Delaware. 
Spatangus ungnlii, (M.) — Delaware. 
ToTbiDolia iuauris, (M.) 

LOCAL DBTAILB OF THE OSOLOOT Gt THE UABL BEOtOK. 

With a view to exhibit the various aspects which the greeDsaud 
assumes in different neighborhoods, and to bring forward many mat- 
ters of local interest not appropriate in a general accoaut of the for- 
mation, I shall here introauce a series of descriptions embracing the 
principal localities wliere the marl is at present excavated. 

Pursuing the usual order adopted in tracing the local features of 
the other foi mations of ihe State, that is to say, proceeding from the 
uortlieast towards the southeast, 1 shall commence with the township 
of Middlesex, in Monmfiulh county. 

Middleiown I^ott't. — The lowest portion of the greensand stratum, 
where it passes into the underlying blue sandy clay, is exposed at 
several places in the vicinity of Middletown Puint, which is a little 
outfiide ot'Che bound»ry designated as the uorthwestern edge of the 
formation. The proportion of the green granular mineral in the 
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marl of this neighborhood, is therefore, less than where the higher 
layers of the greensand are most developed, towards the southeast. 

On the farm of Mr. William Littley not far from Middletown Puint, 
the stratum is of a light ash-gnijr color, inclining somewhat to greenish. 
Though it contains a large excess of clayey matter, the green grannies 
are readily di<;coverabIe. These particles after separation from the 
marl by washing, are of a light clear green. 
The composition of this marl is, in 100 parts : 

Greensand, . - - - . 46'78 

Clay, 53-27 

Qnartzose sand, / - - - - none. 

10000 

Assuming the proportion of the potash in the green grains to be 
11*5 per cent., which is the mean of the fifteen systematic analyses 
given in a preceding chapter, we find the amount of the alkali in this 
marl to be 7*47 per cent., a quantity capable of imparting very deci- 
ded fertilizing effects. 

Mount Puasant. — One of the most northern points where the 
stratum is dug for marl, is upon a farm of J. Morgan, near Mount 
Pleasant. In the same neighborhood a marl of very similar quality, 
ifl found underlying a part of the farm of Mr. Castierea^h, near the 
northwestern base of the belt of hills lying south of Middletown. 
These localities being near the northwestern margin of the formation, 
where only the lower portion of the greensand, adjacent to the under- 
lying blue clay exists, the material contains, as in nearly every similar 
locality, but a moderate proportion of the green granular mineral, in 
which, as we conceive, the chief fertilizing power resides. 

The hills here referred to, terminating on the farm of Mr. Conover, 
near the Dutch Church, consist of the ferruginous yellow sands, 
immediately overlying the greensand, overlaid by the brown ferrugi- 
nous conglomerate which constitutes their summits. Greensand, 
therefore, occurs in places, beneath these hills and around their bise. 
It is generally replete in the green mineral, and is of excellent qnality, 
having been used in the neighborhood since the first discovery of its 
fertilizing effects. 

At Conover^s, near the Dutch Ohurch, we are in the midst of a 
highly fertile marl tract. The country is rather flat, or gently undu- 
lating, and extensivelv intersected by shallow valleys of denudation, 
or by meadows whicn are furrowed out down to the marl stratum, 
and in some cases twelve feet into it. 

Analysis of the Marl from the farm of Jacob Conover^ FreeJtold 

township^ Monm^mth county. 

Composition. — In 100 parts : 

Greensand, - - - - - 85 

Clay, 11 

Quartzose sand, .... 4 

100 
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The amonnt of potash which this marl ooDtaioB, dedaciug it firotn 
that of the greeneand, is 9*7 per cent. 

The soil is mostly a loamy clay, Bometimee eandy, and not often 
more than thirty feet above the top of the marl. Upon the marl lies 
a sandy stratum, containing a trifling share of the green particles and 
much terrnginous matter, which in some cases, bTnlteriDg down, has 
produced a change on the upper part of the marl bed to Uie depth of 
a tew feet, di^'sulving out the shells and replacing them by oxide of 
iron. The thickness of the marl bed is not known, but perforations 
twenty feet deep have not penetrated throngh it. Its general aspect 
when moidt is a deep blue, or black ; when dry a light blue, or gray. 
The lighter kind contains more clay, which is of a dove-color, and 
Bometimes of a light gray. The tint of the grains is a dark olive- 
green, almost black, and in this quarter rarely a light green. Some- 
tim>'S the clay exceeiis in quantity the green grains, and this in mads 
which are regarded as being very active.. Those varieties which 
possess the lowest reputation are fonnd invariably to contain either a 
quantity of silicious sand or mica. 

The foesiU are Exogyra costata, Gryphea convexa, G. mntabilis, 
Ostrea falcata, Belemnites Americanns, Terebratnla, Spinee of Oidams, 
Teeth of Shark, and Vertebne of Crocodile. 

When the mart dties, the surface is sometimes covered with a white 
or gray incrustation. When moist, the black marl often exhales a 
snlpuurons odor, and the white effluresoence has an astringent, sweet- 
ish taste, iniiicating it to be, in part at least, a avi^hate ojAI/miwna. 

The marl in this qnarter has oeon known and used as a fertilixing 
agent for forty years. It is applied very profasely — one bondred 
loads to the acre, or even more, being no nnosual dressing. The im- 
provement to the soil is very permanent, changing the natural growth 
from Indian grata And fiue faiger (or cinqefoil), to fine white clover. 
Whita alder and other plants of rich soils abound in the meadows. 

The natural timber of this, as most other parts of the marl traat, coq- 
sists of several varieties of Oak, also Chestnut, Locust, Beech, Jtaple, 
Dog wood, Hickory, Liriodendron or Tnlip Poplar, &c. 

The following analyses exhibit the composition of the marl in this 
vicinity : 

Anc^BM of a Marly (iA* upper atratum), from the farm <^J6ha 
Smod:, Freehold townahip, JUonmouth o&unty. 



—In 100 parts : 
'Greeneand, 
Coarse siliceous sand, 
Asb-coloied clay. 



Analysis of the Oreeniand, 



Com^ositioTL — In 100 parts : 
Silica, 
Protox. Iron, 



90-00 
2-00 
8-00 



61-00 
25-10 
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Alamina, ..... 7.50 

Potash, 9-30 

Lime, - - - - - - a trace. 

Water, - - - - - 6-60 

99-40 

MaHfrom the farm, of Dr. Canover Thompson^ two and a half miles 
northweet of IreehoUdy on the headwaters of SoiUh river. 

Description. — Color, light-gray, with a very little tinge of green ; 
is adhesive, and has mneh the character of clay. 

Composition. — ^In 100 parts : 

Greensand, ..... 50 

Clay, 40 

Qaart2x>8e sand, r - - - - 10 

100 

The proportion of potash in this marl, dedaced from that in the 
greensand, is 5*7 per cent. 

Marl from the farm of WiUiam T. Sutphan. on the head hranches 
(f South river y two and a half miles northwest of FreeKoid. 

Description. — Color, earthy-grav, with bnt little tinge of green, 
mottled and colored with oxide of iron. 
Composition. — In 100 parts : 

Greensand, ..... 40 

Clay, ..... 62 

QnartBOse, . . . . . g 

100 
The jM?^A in this marl, dedaced from that of the greensud, is 4*6 
per cent. 

Mr. Josph Yandveer has opened pretty extensive pits, abont half 

a mile to the north and west of Backs. The marl is mach like that of 

Mr. Bmock. The following analyses will show the composition, in 

100 parts, of the npper and lower strata, the last of which is the best. 

Upper stratum : 

" Greensand, ----- 70 

Clay, 27 

Quartzose sand, . . . . 3 

100 
Lower stratum : 

Greensand, ----- 92 

Clay, ..---. 5 

Quartzose sand, - - ... 3 

100 
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Tlie ainonnt ot potash, as dednced from that of tbe greensand, ia, 
in the npper bed, 8 per cent., in the lower 10.5. The waelicd grains 
of the above marl are of a rich green, and small ia eize. 

Lirge excavatioDB have been made to the north and east of Bncks, 
bT Mr. Obarlea HendricksoD, and a marl obtained corresponding in 
cnaracter to the preceding. 

T'je ubove specimens farnisli fair examples of the character of the 
marl in the vicinity of Swimming river. 

Few exposure! of marl are noticed in the tract between Bncka and 
Bloomdel. One and a half miles west from the latter place, it has 
been quite extensively worked by Elisha Holmes and Mr. Ely. A 
specimen taken at a point one-fonrth of a mile from Bloomdel, where 
the road approaches to the side of Swimming river, will furnish an 
example of the marl of this neighborhood. 

This marl is greenish-brown in color, and somewhat argillaceons in 
textare. Wlien washed, its grannies become more distmctly green, 
they are of small dimensions. 

Composition. — In 100 parts: 

Greensand, - .... 88 

Clay, 18 

Qnartzose sand, - - - - 04 

100 

By direct analysis, this marl yields S.fi per cent, potash. 

At Ely's Mill the marl is very impure, being almost entirely com- 
posed of siliceous sand ; and doubts may exist whether it belongs to 
the marl bed or the overlying clay. 

At Mr. John Jolmson'n, jvu( Swamp, the marl consists, towards 
the top, of the usual ferruginous yeflow clayey bed, containing a 
small portion of the dark grains. This is not used, but is pared OD to 
a depth of two or tliree feet. Next to this comes the dark marl, 
nearly black when wet, and rather hard in the bed, from the quantity 
of ferruginous matler which cements it. It crambles on exposnre, 
and becomes giay or even white, from the efflorescence which collects 
upon it. In it are large ronndish masses of the marl cemented into 
firm stone by the oxide of iron. These, however, crnmble down in 
time by exposnre. In the^e beds the siliceous sand is very little in 

rinlity. I'he top of the bed is the richest in greensand ; lower down 
re is more of the dove-colored clay, resembliug precisely tliu uiuycy 
marl at Conover'a. Tiie vertebrse of a species of ci-ocodile liave been 
fonnd here. 

On Porricy brook, upon the road to Hiddletown, there occurs a 
fine exposnre of the murl. It seems to be very thick, and is covered 
by the yellow ferruginous sandy marl which is seen again half a mile 
south of MidJletown, in the meadows. The black marl lies beneath. 

At Middletown and its immediate vicinity, the upper yellowish, or 
ferruginous bed is chiefly seen ; while the greensana marl has been 
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reached in only a few points, though there can be no doubt of its 
existence at a small depth everywhere in tbe neighborhood. 

This upper portion of the marl stratum contains a considerable 
am6unt of the green grains, but mixed with much ferruginous clay 
and sand of an orange and variegated yellow hue. This orange and 
many-colored clay is distributed in streaks and blotches. 

The upper stratum is inferior to the green marl in fertilizing power, 
though it IS used with excellent effect in many places near Middletown. 

Mwrl from the Farm of Captain Edward Taylor^ at Middletown. 

Description.— Co\(:>r^ dull green ; texture, clayey, grains, of small 
size. After being washed and freed from clay, the color is more dis- 
tinctly green. 

Composition. — ^In 100 parts : 

Greensand, -, - - - - 80 

Clay, 14 

Qnartzose sand, ----- 6 



100 



The proportion of the^^A, ascertained by direct experiment, is 
8 per cent. 

The marl from the lower portion of the bed at Captain Taylor's is 

richer in greensand than that from the upper, as will be seen by the 
following analysis : 

CofnpoHtion. — ^In 100 parts : 

Greensand, ----- 90 

Clay, 6 

Quartzose sand, ----- 5 



100 
The amount of potash which it contains is 9.9 per cent. 

Between Middletown and Chapel, Jonathan Tunis has penetrated 
into the lower greensand marl, and uses it in preference to the yellow 
top bed, and with great advantage to the crop. 

14 ear to Uhapel, and about two miles east of Middletown, Mr. 
Daniel G. Coiiover, after penetrating the overlying soil and ferrugin- 
ous layer, has obtained a marl of a singular mottled appearance, con- 
sisting of a mixture of light-colored clay and greensand, looking when 
freshly cut somewhat like a decomposing granite. The lower portion 
of this marl has for its 

Composition. — ^In 100 parts : 

Greensand, ----- 84 

Clay, -..--. 10 

Quartzose sand, ----- 6 

100 
12 
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The proportion of potash deduced from that of the greensand is 9-6 
per cent. 
The color of the green mineral, after washing, ia bnt little changed. 
The opper portion of the marl bed of Mr. Conover is less valuable 
in greensand, as will be Been by the following analyme : 
Vompoaition. — ^In 100 parte : 

Greensand, ..... 67 

Clay, 30 

QuartzofiQ sand, - . . - . 3 

100 
The amonot o{ potash which it contains is 7*3 per cent. 

Chapel is npoa aflat bill or table land; and a well near this place 
dng seventy-tour feet through the upper strata, did not reach the 
marl, thougb it showed itself near tbe surface, in all the surroonding 
low grounds, where it is of very good quality. 

The hilla are sandy and strewed with fragments of the conglom- 
erate, which is also in place, being quarried half a mile south of 
Chapel. 

The timber growth on the hills contains a pretty large mixture of 
cedar. 

The marl extends from Chapel north towards the Bay shore, as far 
as the permanent land itself. Eichard Wallin has reached it in dig- 
ging a well ; it was seven feet below the surface, and was penetrated 
fourteen feet. Mr. Anderson, within half a mile of the shore, also 
has a marl pit. The dark green grains abound in the sands of the 
beach, and every where as we pass along the road from Chapel to the 
Bay siiore, towtu-ds the east. 

Bay Shore and Glifs of Nevesink SiXU. — The marl appears to 
extend to within a short distance of the Bay shore near Oomptoa 
creek. The first cliffi which we meet with on going along the snore 
to tbe east, exhibit a dark stratum, chiefly clay and siliceons sand, 
with mica, containing very little of tbe marl, and often a considerable 
sbare of copperas, which shows itself upon the surface, in the slate of 
a yellow efflorescence. Tracing the base of the cliffs, we see this 
stratum slowly rising snd forming the lowest bed visible along tbe 
beach, nearly the whole way to the termination of the Highlands at 
tbe Telegraph hill. 

In some places the cliSd have a height of fifty or sixty feet, com- 
posed of several difl^erent beds, all containing more or less of tbe 
marl ; but some of the layers are chiefly made up of siliceons sand, 
and clay, and ferruginons matter. Over the dark lead-colored sili- 
ceous clay a stratum of tbe sand is seen, often green, though for the 
most part gray and quartzose. High above this the true marl is 
seen in many places, and may be known by its ^ahiil6 efflorescence. 

Tbe marl taken from the clifb about two miles northwes of the 
Telegraph Tavern exhibits the following: 
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Composition. — ^In 100 parts : 

Greensand, ... - - 92*2 

Clay, 5-8 

Qnartzose sand, .... 2*0 

100-0 

« 

The proportion of potash dednced from that of the greeneand is 
10*6 per cent. The appearance of this marl is a dall or dirtj green, 
and is little changed by washing. 

Where the cl^ are high the conglomerate is seen in its natural 
plAce, orer the top of all. ^ear the upper surface of the marl bod 
maj be seen large globular masses of indurated and cemented- marl 
like that found before at Nut Swamp. Thej here possess the hard- 
ness of a true rock and do not crumble. The freshlj fractured sur- 
face is often very beautiful, showing the green grains of marl dis- 
tributed through a cement of argillaceous red oxide of iron. The 
globular masses are seen in horizontal layers in the marl, and they 
strew the beach pretty thickly. The blocks of the horizontal iron 
stone are often several feet in diameter. Sometimes the consolidated 
ferruginous masses of the cemented sand are the size of a small 
apartment. 
In several places beneath these cliffs of the Highlands vast masses 
I of the strata have subsided by the undetermining action of the water 
* passing through the lower beds, and they form an under-difj or land- 
slip, with a steep pitch toward the land, bringing down into nearer 
view the top strata, the upper ferruginous sands of which, owing to 
the condition of their oxide of iron, are of a most beautiful reddish 
color. 

At the shore beneath the Telegraph hill on the ocean side Ae 
lower dark astringent stratum is seen at the water's edge, the piles in 
the foundation of the wharf in front of the Telegraph Tavern being 
driven into it. Some portion of this bed is said to be marl, and the 
green grains abound every where among ihe sands of the beachj as 
they do at Long Branch, a few miles more to the south, and indeed 
the whole way from the commencement of the Nevesinks along the 
bay shore and alon^ the sea shore to Deal. 

IHeing the cUfis round the Telegraph Point to the mouth of the 
Kevesink river, the lower or marl- bearing strata are covered by a 
steep talus or inclined bank of fallen matter at the base of the cliff, 
Teaching thirty or forty feet up. Above are the yellow sands cov- 
ered by a layer of the cellular iron stone several teet in thickness, 
Wog beautifully displayed at the Devil's Chimney. Above this 
there is a very ferruginous, brownish, consolidated sandstone, full of 
impressions or casts of shells, especially ostrea falcata. It seems to 
^ a more ferruginous portion of the stratum. A little above this, at 
tbe height of eighty or ninety feet, is a bed a few feet thick, df a 
1>right ffreen day^ consisting apparently of the same material as the 
^bt green variety of the marl, but not in a granular condition ; it 
uicludes a few indistinct light green grains. Over this again and 
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towBrds the top uf the liill, tlie fraf^meDts of the cnnglomerate 
abound, and tliere is every reaaoa to believe that all the hills near the 
[□oath of the XeveeiDk river are capped bj the cooglomerate in 
place. 

AloDg the north bank of the Nevesink river, at Mr. HartBhom'B, 
the etratam, which is oa a level with the beach, is the copperas- 
bearing dark claj and sand. It has been found by' him to be hurtful 
to the soil when applied thick, bnt as it contains a very considerable 
share of the green grains, it is probable that, applied in lighter dress- 
ings, it might prove somewhat beneHcial. 

There is no good marl from the moath of If^evesink river up as high 
as CUtypit ereek, above which, as far ae its head, the marl extends on 
the norm aide and is generally very good. The other, or astringent, 
elratnm below the marl sometimes takes its place in the banks on 
the water's edge. 

Aecending the Nevesink river, no good marl occurs below the vrest 
side of Bnrgis's, or Claypit creek, where it is of escellent quality ; 
from thence to the next, or Kedneck creek, the impure astringent 
kind prevails ; on the west of the creek, the bed at the water's edge 
16 again the true marl, being like Burgis's. The deleterious bed 
contains much ordinary sand and mica, abounding also in oxide and 
ealphuret of iron, and seems to be in fact the same stratum as that 
Hpon the bay shore under the Greenland banks, in the Nevesinks. 

We may trace the marl to Crow's creek; approaching which it 
becomes very green and good. Here and farther east it lies below 
die layer of Qodular indorated marl seen on the bay shore, on the top 
of which is the micaceooa sandy bed containing copperas. In one 
place ou the very beach, the marl has been dug and exported to 
Bamegat, for sixty-eight cents for the load of twenty bushels. 

On drying this mart, it assumes a light-green color. The spurious 
bed almost mvariably presents the yellow astrinseDt eSorcecenee, 
and is evidently adifierent layer from the good marl; and there seems 
to be no good reason to doubt that this shore if examined, would 
erery where display hoik beds ; the astringent clay above, the nodules 
next, and below all, the pure greensand marl. 

The reason that the banks of the Neveeink river display sometimes 
the true marl, and at others the dark astringent clay, seems to be, 
that there occurs a slight undulation of the strata. Some have thought 
them portions of the same strantm, shading into each other upon the 
same level. The above view is the correct one, and is important a? 
it indicates the pnsaibility of reaching marl almost any where bygink- 
iagto a very small depth. 

£ed. £an%. — la this neighborhood the bonks of the river vary in 
elevation from ten to twenty feet and upwards. On the north side, 
Bear the bridge, on the land of Mr, Tylee Conover, the bank presents 
a bed of dilavium four feet thick, the lower part of which is tinged 
with oxide of iron. Beneath this lies the upper layer of the marl, 
eight feet in thickness, consisting of a mixture of very tenacious clay 
and greensand. Besting directly below this, and nearly on a level 
with tae tide, occurs the main bed of marl, forming the beach of the 
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river. It is compoBed almost entirely of the greensand, the extraneons 
matter being merely a little white siliceoas sand and clay. Excava^ 
tions to the depth of several feet are made at the retirmg of the tide, 
and the marl thus procured is much preferred to that of tne overlyinff 
layer in the bank. Its color is a dirty green ; that of the washed 
greensand is brighter ; the granules are rather larger. 

That portion of the stratum which is below the level of high water 
at Mr. Tylee Oonover's, gives the following : 
Composition. — ^In 100 parts : 

Greensand, ----- 98-86 
Clay, - - - - - 6-15 

Quartzose sand, - - - . none. 

100-00. 

The amount of potash in the whole marl, as obtained by direct 
analysis, is 9*5 per cent. Though the marl throughout this neighbor- 
hood is generally rich in the greensand, the good effects of it are some- 
times impaired by the presence of decomposing sulphuret of iron, 
which it derives especially from the overlying ferruginous bed. 

At Judge Patterson's we have a convincing proof of the hartful 
influence of the copperas, in a marl otherwise excellent ; his being 
extremely rich in the fertilizing green grains. The bank for a few 
feet up from the level of the water, is composed of the marl stratum,, 
abounding in the yellow astringent efflorescence. Tried upon the^ 
land, it has been found injurious to the crops for at least the first year^ 
or two, unless when applied in great moderation. 

Where the poisonous imparity is abundant, it is not safe to employ 
more than five loads of the marl upon an acre ; nor do I see any good? 
reason why five loads of a rich marl is not enough, in nearly all eafiea* 
for a single dressing. 

The entire material of the beach beneath the bank, consists of the 
dark greensand, from which nearly the whole of the astringent matter 
appears to be removed by the washing of the waves, as the caving of 
the bank from time to time brings down the matter upon the beach, 
and within the dissolving action of the water. 

This washed marl is pure, and may be used, as some experiments 
made by Judge Patterson have fairly proved, in any proportion, even 
at the rate of one or two hundred loads to the acre, without showing 
any caustic action upon the vegetation. This, among other facts, in- 
duces me to recommend to the farmers, to expose their cduatio or 
astringent marls to the rain for a season, before attempting to employ 
them. 

On the south side of the river, one-fourth of a mile below Ked 
Bank, the shore, which is rather steep and about twenty-five feet 
high, displays a bed of dark micaceous sandy clay, overlaid by a mass 
ot dilavial sand and gravel twelve feet in thickness — the line of sepa- 
ration between these being v^ry obvious. The dark micaceous clay 
and sand on this side of the river seems to replace the upper impure 
layer of marl of the opposite or north shore. From the surface of 
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the water to its upper edge it is aboat twelve feet in thickncee, and it 
extends down along the water's side as far as JefTries' Point. 

The Btratnm of pure greensand lying immediately below this layer, 
corresponds to the lower bed on the north side of the river. It con- 
sists almost entirely of the green grannies. Tlie marl ia penetrated 
to ihe depth of about twenty feet at several spots along tne beach. 
Though Jeffries' PoijiC seems lo be the termination of the dark mica- 
ceous clay nnd the underlying greensand on the south side of the 
river, yet there are good reasons for inferring that the marl extends 
along the opposite side, at nn accessible level, the whole way to the 
extremity of tlie peninsula, dividing the Nevesink and Shrewsbury 
rivers. 

The mart at Jeffries' Point is of a lighter green than any in this 
immediate (quarter. Very few organic remains occur in the green- 
Band formation in this vicinity, either in the cliffs of the Kevesink 
Hilla or in the banks of the river. 

The marl of Jeffries' Point gives by analysis the following 

Composition. — In 100 parts : 

GreeoaaDd, ..... 92.6 

Clay, 7.5 

Quartzose sand, .... oone. 

100.0 

The proportion of potash in this marl, deduced from the average 
quantity in the greensand, is ten per cent. 

When washed, the granules are large and of a dark green color. 
A marl, taken from the be^ich near Bed Bank, belonging to Jona- 
than M'Lnne, exhibited tlie following 
Composition. — In lOO parts : 

Oreensand, ..... 91.4 

Clay, .8.6 

Quartzoae sand, - - - -. none. 



The potash in this marl, by calculation, is very nearly ten per cent. 

The ordinary as]>ect of the marl is a dull green ; that of the washed 

greensand is a brighter, purer green. The granules are rather hirge. 

Miirl of good quality displays itself in several places between Red 

Bank and Shrewsbury, and around Eatontown. That at the farm of 

Mr. Lafetrea, nenr Eatontown, affords by analysis the following 

Comprmtion. — In lOO parts : 

Greensand, ..... 79 

Clay, 13 

Quartzose sand, .... g 



The potash in this marl, b)' estimation fr im the amount of the 
greensand, is 9.1 per cent. 
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About oi\e mile southeast of Eatontown, in a low swampy tract of 
ground, I>r. John P. Lewis lias uncovered a stratum of somewhat 
peculiar marl, composed of fragmentary shells, a little greensand, and 
much quattzose sand intermixed. From several trials which have 
been made, it would appear to be endowed with decidedly fertilizing 
properties. 

[Between Eatontown and Long Branch, and about three miles from 
the sea shore and two from Eatontown, at a mill called Turtle Mill, 
there occurs a variety of marl some wt) at analogous to the above. It 
consists of hardly anything but shells in a fragmentary condition, 
yery friable and purely calcareous, and contains but a very small 
share of the green particles ; its color is yellowish, owing to a small 

gortion of common sand. The shells are in a very broken condition, 
ut we may recognize them to belong to the well known secondary 
fossils of the marL The large shell caiied Terebrattila Harlani^ seems 
to constitute a large portion of the mass. Something similar is seen 
farther to the souui, on the farm of Mr. Field, about one and a half 
miles from Eatontown. This deposit deseryes to be traced more mi- 
nutely, as it is probably a new variety of marl fit for the agriculture 
of the neighborhood, containing much more lime than the greensand 
formation usually possesses. 

Long Branch, — Along the clii& facing the ocean, in front of the 
boarding-houses, at Long Branch, appearances in several places show 
that the true marl stratum meets the sea-coast in this quarter, and 
it that cannot lie at any considerable depth below the beach. About 
half a mile north of Renshaw's, at apparently the highest point in the 
cliff, the astringent clay bed, which so generally accompanies the 
marl as an overlying stratum, is exposed, rising four or five feet above 
the average level of the beach. This itself is strongly indicative of the 
existence of the marl at no great distance beneath. The probability 
of this manifested, however, in another way. The sand of the beach 
contains a very notable proportion, often Jive per cent.j or more, of the 
green granules of the marl, which, examination assures me, cannot be 
derived from any of the strata in this part of the bank, and which, 
therefore, can only come from a bed extending into the sea below the 
ocean level, or at least lying as low as the base of the cliff. This mix- 
ture of the green granules among the sand of the beach is observable 
along the whole of the bay shore, from near Chapel to the Telegraph 
Hill, and thence along the ocean side, from the mouth of the Shrews- 
bury river, past Long Branch, to Deal, and somewhat further. It has 
been discovered, somewhat recently, that the beach-sand thoughout 
this line is endowed with active fertilizing powers, attributed, hereto- 
fore, to salt and other supposed marine substances in the beach. But 
the well-known properties of the green grains, coupled with the fact, 
that in every place along the shore further south than Deal, where 
the marl does not reach the coast, the sand of the beach contains nonp 
of the dark granules, prove conclusively that the benefits so distinctly 
perceived, are attributable to the source which I suppose. The good 
^ects of the beach-sand are strikingly exhibited upon Wardell's farm, 
a little north of Lons: Branch : no less decided results are also wit- 
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neflsed on the farm of Jacob Curlia, at Deal. The most eterils patoh«« 
of sandy soil are made to jield very abundant cnipa of corn by tbe 
nse of this powerful agent. The qimiitity of tlie beach-sand applied 
18 often as great as two Imndred loads to tiic acre ; but the facilities 
for procuring and spreading it are very great. It is obviously a point 
of imjiorlance lo dieeover those portions of tiie beach where tlie green 
matter is roost abundaiit ; for there are spots which are mucli darker 
than the rest from this cause. Experience has already tauglil, that 
the sand gathered after the heavy storms of the winter is the most 
efficient, a fact countennncins the notion ihat the green grains are 
cast up by the boating of the aurf. The hitih degree of fertilizing 
power poBsessed by llie bench-Batid, upon both the clayey and dry 
Bandy soils of this portion of the sea-board, goes far towards establish- 
ing several very essential points in the doctrine previously advanced 
concerning the cause of the enriching qualities of the greensand. It 
clearly demonstrates, in the Hrst place, that the efficacy of the marl 
lies mainly in ihese green granules, and not, as many irnngine, in the 
shells and other foreign substances discovered occasionally in the bed. 
It, moreover, decides the point, that the more essential and permanent 
properlies of the mineral are in no way connected with the gypsum, 
or witli the carbonate; of lime, which so frequently form a coating 
upon the green grains. BotJi cf these incrusting matters, should they 
exist in tne stratum from which the granules are derived, are too 
easily dissolved by the water which incessantly washes the shore, to 
remain in the sand in the smallest appreciable quantity. 

We are forced, therefore, to ascribe the usefulness of the green 
mineral to its potash — the only ingredient df au alkaline action which 
is always present, and which is essential to its composition. 

Another important consideration is, that the marl or green mineral 
loses nothing of its potency by a long exposure, even of years, to 
water and the atmospnere ; in other words, that it is not dissolved, or 
decorapoaed, or changed hy the ordinary atmospheric agents which 
react so powerfully upon many other minerals. We are to regard it, 
therefore, as nearly unchangeable, until the roots of the plants come 
in contact with it, cause its decomposition, and, by the vital powers 
of their organs, imbibe a portion of some of its constituents. 

"When we behold a luxuriant harvest gathered from fields in which 
the original soil is of a kind least of all congenial to vegetation ; 
when we iind that all this fertility, contrasting so strikingly with the 
barrenness around it, proceeds from a few granules of a substance 
sparsely distributed tiirough the enormous and counteracting excess 
of sea-heacli Band more and than the soil lo which it is applied, are 
we not led to look with admiration on the potent properties of this 
cnriously constituted mineral! The developments of geology are full 
of instances like this, showing in how many unlooked-for ways the 
tpineral world may be made subservient to the good of mankind. 

This striking proof of the fertilizing power of the marl ought to 
encourage those districts not directly within the tract, where some of 
the strata possess the green grannies in a sensible proportion. It ex- 
pands most materially the limits of the territory where marling may 
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be attempted, and points ns to many beds as fertilizing wbich other- 
wise would be deemed wholly inefficacious. 

There can be no doubt that the agriculture of our seaboard States 
is destined to derive essential benefit from the remarkably wide 
distribution of this green granular mineral under various geological 
relationships, besides those in which it presents itself in New Jersey. 

Thus the tertiary shell marls of Delaware, Maryland and Virginia, 
and I might add of other States still farther south, contain not unfre- 
qnently as high a per centage of the greensand as does the sea beach 
sand upon the coast of Monmouth county in New Jersey ; and I ma^ 
mention that my brother, Professor William B. Kogers, of the TJni- 
Tersity of Virginia, charged with the geological survey of that State, 
has already done important service to the agriculture of some dis- 
tricts, by discovering and calling attention to the existence of the 
greensand in the tertiary strata of Virginia. 

Between Long Branch and Deal the marl stratum has been pene- 
trated thirty feet. The upper two feet consist of a green clay, seem- 
ingly derived from the disintegration of the green grains, intermixed 
with a large proportion of yellowish white cluy. The main marl bed 
having a thickness of about twenty-six feet contains several subordi- 
nate layers, but all contain a large share of the green granules. Be- 
neath the whole there is a gray, yellowish clay, in which the grains 
abound; they are remarkably large, and are associated with numer- 
ous casts of shells. A similar Inyer is seen in Jacob Curlis's pits, 
where it contains beautiful casts of the nautilus and several univalve 
shells, and also shark's teeth. The marl stratum, composed of nearly 
the same layer, is exposed again between Jacob Gurlis's and the 
Whale Pond Mill, at John Curlis's. At all these points, the bed con- 
tains a considerable share of astringent matter, sulphate of iron, 
which, wherever it shows itself in excess, may be counteracted by 
following the suggestions proposed in this report. 

ElieKa Wesffs^ near Long Branch, — A very interesting and rather 
extensive exposure of the marl stratum may be seen on the farm of 
Elieba West, about one mile south of the boarding-houses at Long 
Branch, and in a direct line, not more than a fourth of a mile from 
the sea. The pit is dry, a rather unusual circumstance, and occurs 
near the head of a gently-sloping hollow or small valley, which cir- 
cumstance in connection with the obvious outline of the ground be- 
tween it and the shore, leads the observer to believe that the top of 
the stratum is not as low by several feet as the sea-beach. It follows, 
if this be correct, either that the marl bed runs horizontally and meets 
the cliffs at the sea, above their base, where the inclined pile of fallen 
matter may conceal it, or else that it descends with a gentle eastward 
dip until it merges beneath the ocean at a lower level than the tide. 
This question is of some consequence to the neighborhood, for a good 
marl pit opened directly on the shore would benefit no inconsiderable 
line of coast. 

The section in the pit is about twenty feet deep, being almost en- 
tirely in the marl stratum. The top layer, one foot thick, consists of 
an indurated marl, somewhat similar to that at the top of the marl at 
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Elj'a, "11 Shark river. It contains bot a trivial proportion of the gran- 
ules wliicb are iniliedded in a paste of a gray ish-wUite calcareona clay, 
identical in aspect and composition wifli certain water-worn rock^y 
maeees whieli strew the beach in front of the boarding-honeee. This 
apparent identity in all respects except hardness, famishes a farther 
proof that the marl stratum is prolonged to the sea side, and rests 
either at the level of the beach or at bo small a depth beneath the 
snrf.ice as to be within the action of the snrf, which may, I conceive, 
distnrb and bring to shore not only portions of this npper bed, bnt 
likewise of the softer marl below. 

Beneath thia npper bed in the pit at Elisba West's, there occurs a 
hard, somewhat tirm, cemented masa, consistiog of light green grains 
and a little ordinary sand, tlio whole being eight feet thick. In it is 
a very thin layer ui' white clay. Lower down we meet a gray, atid, 
afterwards, a yellowish ferrnginous marl, both rather sandy, and in 
a^regMte thicknt'ss about three feet. 

Still Ixwer, and throughout the rest of the vertical section, we find 
a layer of yellowish ferruginous sand, containing a very moderate 
proportion of the green grains. Few or no sheila are visible in the 
perpendicular wail or section dieclosed in this pit, bnt numeroos traces 
of caste occnr, showing that they have once oeen there, and intima- 
ting ihe nature of the change which they have undergone, and the 
possibility thatthey may have furnished to parte of the stratum a 
small amount of diffused carbonate of lime and perhaps gypsum. 

The marl from tlie pit of Elislia Weat dieplaya, by analysis, the 
following, 

Cojnpofition. — In 100 parts ; 

Greensand, - - - - - 73-2 

Clay, 22-8 

Quartzose enn'l, .... 04'0 

1000 

The amount of potash deduced fiom the above proportion of green- 
sand is niioiit 8.4 per cent. 

Tins marl is a light yellowish green; adhesive; the admixed clay 
giving it a mottled appe^irance. The washed material is darker and 
more dietinc'ly green ; the grannies are small. 

TinUm FalU. — The stratum here is a dark brown and greenish fri- 
able sandstone, which forms a horizontal ledge across the creek, cans- 
ing, by its abrupt termination, a sadden fall of about sixteen feet. It 
seeine lo be notliing more than a very sandy and highly ferrnginooa 
inarl, consolidated by the cementing action of the oxide of iron into 
a moderately compact sandstone. It ahonnde in the nsanl character- 
ieiic shells of the mnrl series, but these are almost invariably in the 
state of casts. The amount of the green grains in the rock is not 
very considerable, though sufficient, in some of the layers, to impart 
a decidedly green or dark ulive hue to the otherwiee brown mass. 
Three layers of nearly similar aspect, all differing somewhat in their 



GEOLOGY OF NEW JERSEY. ^ IW 

hardness and the proportion of oxide of iron and of the green gran- 
nies, are to be observed here. 

Whether this rocky stratum at Tin ton Falls may not be the equiv- 
alent of the brownish ferruginous sandstone with casts, which over- 
lies the friable marl in the Nevesinks, near the mouth of Shrewsbury 
riyery or whether it is the true marl stratum rather more than usually 
cemented, and ferruginous, are questions which it is of some impor- 
tance to determine, in order to form a just opinion as to the 
{>robability of meeting, at a moderate depth, the valuable bed of 
oose greensand itself. 

Nearly upon the same horizontal line with the top of this rock, and 
at a less distance than a fourth of a mile, a bed of sandy green marl, 
not consolidated, shows itself very near the surface of the fields upon 
the Monmouth road. The somewhat clayey texture and greenish hue 
of the road itself between this point and Eatontown, is strongly in- 
dicative of the proximity of the marl stratum to the soil. 

Poptar Snioamp. — ^At Jacob Woolley's Poplar Swamp the secretion 
of the marl stratum which is exposed exhibits three separate layers. 
The top bed is about three feet thick ; the granules are of a light 
green, and mixed with them is a small quantity of common siliceous 
Band. The next, or middle layer, is fonr feet thick, of a much darker 
green ; and the bottom bed is of a dull greenish ash color, and con- 
tains rather less than fifty per cent, of the ffreen granules, the rest 
being clay and ordinary sand. Very few shells occur at this locality, 
though bones of the fossil crocodile and shark's teeth are occasionally 
met with. 

The middle stratum gives indications, from its darker green color 
and greater freedom from foreign matter, of being the most effica- 
cious of the three as a marl. Astonishing results have been pro- 
duced by it when applied in the proportion of from seven to ten loads 
to the acre. 

This marl lies on Poplar Brook, the source of which is about a 
mile west of Mr. Woollen's, its entrance to the ocean being at Deal. 
There is marl in the banks of the meadows and adjacent ravines 
throughout nearly the whole length of the stream. 

Mr. Woolley manured a piece of land in the propertion of two 
hundred loads of good stable manure to the acre, applying upon an 
adjacent tract of the same soil his marl in the ratio of about twenty 
loads per acre. The crops, which were timothy and clover, were 
much heavier upon the section which had received the marl ; and 
there was this additional fact greatly in favor of the fossil manure 
aver the putrescent one, that the soil was also ^wiSxA^ free from weeds^ 
while the stable manure had rendered its own crop very foul. 

This greensand stratum at Poplar Swamp seems to be almost 
entirely free from any sulphuret of iron or other astringent material, 
and, as a consequence, the crops seem not to be scorched by an extra 
dose, however lavishly applied. 

There can be no doubt that twenty loads of marl per acre must be 
regarded as an unnecessarily bountiful dressing, but computing the 
relative cost of the two manures, when employed in the ratio above 
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stated, we find a considerable disparity in favor of the greenaaDd. 
Placinz the home ralue of form-yard maoare atone bniidred cents 
for each two-horse load, and that of the marl at twenty-five cents per 
load, we liave the expense of manaring one acre, ttoo hundred dollars / 
of marling the Eame,^iM dollars. 

This being an experimentfOD QxtTB.v&ga.ntlj large dressing of manure 
was employed, hut not exceeding the usual average application, any 
more than tiie twenty loads of marl Burpaesed what was necessary. 

Experience has already shown that land once amply marled retains 
its fertility with little diminution for at least ten or twelve years, if 
care be bad not to crop it too severely ; while with all pracLicable 
precautions, the stable manure must be renewed at least three times 
in that intei'val to maintain in the soil a corrosponding degree of 



Marl from Mr, Woolley's middle bed poBsesses this 
Compoaiiion. — In 100 parts : 

Greensand, . . , . 

Cky, ...... 

Quartzose sand, - ■ ■ - 



86 
12 



The amoant of potash by experiment in this marl, is 7*5 per cent. 
I present here the analysis of another marl from the same neighbor- 
hood. It is that of Mr. Julin Howland, of Poplar Swamp. Its color 
is grayish-green, owing to a coating of carbonate of lime on eume of 
the pitrticles. The washed material is a li^ht and rather rich green. 
Comjjo^Uion. — In 100 parts : 

Greensand, ..... gg-g 
Clay with a little carbonate of lime, - 6'5 

Qaartzose sand, - - • - 6*0 

1000 

Tiie amount o{ potash deduced from that of the greensand, is 9-7 
per cent. 

Shark River. — Ely's marl pits, on Shark river, present the following 
layers in the descending series : 

Ist. A dark-brown or amber-colored miztare of sand, clay, and 
mica ', reminding one strongly, both from smell and aspect, of an 
ooze of tlie ocean. It sometimes contains thin seams of very coarse 
sand, completely water-worn and rounded. This bed is between 
seven and eight feet in thickness, and is seen resting immediately on 
an indurated or cemented marl. It is visible elsewbere in the neigh- 
borhood, and always has the astringent character of the corresponding 
blaieb sandy clay already so often mentioned, with which, in fact, 1 
hold it to be identical as a stratum. 

2d. A hard cemented marl, being a paste of a yellowish white clny, 
perhaps containing gypsum, with a moderate sprinkling of the marl 
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grains. Escept in its beins a cemented mass it difTors but little from 
the bed of friable marl which iiDderlieB it. It is two feet thick, 

8d. This lower Btratiim yields the well known marl so much in 
request in this part of Monmouth. When moist, the mass pOBsesseB a 
dark, dull, erayish hne, from the color of tlie clay whitli coals the 
granules. When dry the color is a vei-y dark plumbago (black-lead) 
tint, or sometimes a deep olive-green tinge. It consiats of little else 
than tba dark granules, the small qnantity of clay present occurring 
only as a thin coating npon the grains. The lower part of this layer 
has a more yellowish hne from a greater excess of the clay, which is 
here rather ferraginons. The thickness of the bed is not knows, 
though it has been penetrated sixteen or seventeen feet. 

I nave witnessed its action on some very poor light soils, which 
were rendered highly fertile from the nse of this marl in a first dres- 
sing of fire loads to the acre, and an equal quantity at the next rota- 
tion of tie crops. 

• The best marl of Ely's bed exhibits the following 
Composition. — In 100 parts : 

Greensa&d, ----- 80 

Clay, - - - - - - 20 

Qiiartzose sand, .... none. 

100 

The amount oi pottuh in this marl, by calcalation, ia 9.2 per cent. 
The following analysis shows the composition of another marl of 
this neighborhood, tliat from the pit of Mr. John Shaft, of Shark 
river. 

The specimen was taken from near the mill, and ia the best of the 
several Bamples procured. 
Composition. — In 100 parts : 

Oreensand, - - ... . 87 

Clay, H 

Qnartzose sand, .... 2 

100 

The amount of potmh ascertained by analysis, is 9.5 per cent. 

Squankum. — Thorp's marl, near Sqoanknm, presents the following 
variotios : 

Ist. Ou the top, a bed of diluvial sand and gravel, and in certain 
places a coarse, lefTuginous snndstone, sometimes two feet thick. 

2d. A light greenisb-blue clay, the upper part of which sometimes 
shades into a brown sandy clay, like the corresponding bed at Shark 
river. One portion of this contains a small mixture of the green 
grannies. This portion appears, in fact, to graduate into the upper 
port of the marl bed, in which there is not anfreqnently as mncn as 
fifty per cent, of the clay itself. 

8d. The inferior layer is the tme marl stratum, consisting of little 
else than the green granules. When dry, the color of the mass ia a 
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tolerabl; light grayieh green, bat not anitonn, light specka occarriog 
thronghont the marl. 

When the heap have dried, the exteraal grains are coated, ia some 
degree, with a white efflorescence. The npper portion of the bed, in 
coDBeqaence of containing much of the astringent clay, presents a 
good deal of the yellowiwi efflorescence ascribed to copperas. The 
depth which has been reached in the pits is abont twentr feet, and 
hitherto the bottom of the marl has not been stmcb. The lower part 
of the stratum is conceived to contain the best marl It is not free 
from decomposing snlphnret of iron, judging from the strong odor of 
snlphnr which every pile of it exhales, and which it does not lo«e 
even after being conveyed to a distance, and long exposed to the 
weather. It probably, therefore, contains a slight impregnation of 
snlphate of iron or copperas, but not enough to injnre it, if we are to 
infer from the reputation which this marl possesses. 

At the pits, which aie very extensive, the marl is sold at the rate 
of thirty-seven and a half cents the load, the pnrchasers having to 
dig it. It is transported by wagons to a distance, in some directions, 
oftwenty miles, and retailed, when hanled that far, at ihe rate of ten 
or even twelve and a half cents per bushel, being veir profitably 
spread npon the soil in the small proportion of twenty-hve or even 
twenty bushels to the acre. 

In its external aspect this marl does not differ from many others in 
the State, nor am I convinced that it snrpasses a numerons list, in 
point of efficacy, as a tertilizing agent. Tiie amount of potaah which 
it contains is materially less than belongs to a large proportion of the 
better marls of the region. 

Marl from the upper part of the bed at Sqttaakum. 



Composition. — In 100 parts : 
Greensand, - 
Clay, 
Qnartzoee sand, 



A.00 



The amoant oipotath in this marl, deduced from an analysis of the 
greinsand of this locality, is 61 per cent. 

Marl from the middUpart qf the bed at S^uanhtan. 



Composition — In 100 parts : 
Greensand, 
Clay, 
Qnartzoie sand. 



36-73 

54*38 
10-00 



100-00 
The amount oipottuh in this mwl, deduced from that of the g 
sand, is 8-7 per cent. 
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Marl from the lower jpart of the bed at Squanhwrn. 

Compodtion. — In 100 parts : 

Greensand, - ... - 68-29 

Clay, 27-71 

Quartzose sand, .... 400 

100-00 

The amonnt of potash which this marl contains, derived from an 
analysis of the selected grains, is 7-1 per cent. 

In the neighborhood of Mount's Mills, or Berkelae's,at Mr. Eue's, 
half a mile south of Spotswood, there is a black clay like that of 
Middletown Point, containing a considerable quantity of the marl. It 
has been thought to be somewhat beneficial to the land. It is near 
Mr. Berkelne's mill-pond, and not in the lowest ground. There is a 
considerable undalation of the surface in this quarter, though the 
denudation would seem not to have reached a low level. The super- 
ficial stratum is sandy, containing also some of the loose materials 
characteristic of the marl region. 

At the pits of William Johnson, one mile east of the former, the 
supposed marl stratum exhibits a small proportion of the greensand 
with much siliceous sand, some clay and mica, and has a decidedly 
sulphurous odor ; it also tastes of coppearas, and has a yellow crust. 
These pits lie in the side of a hill, on tne road from the mills to John- 
son's house. Around this neighborhood the land is rather high, and 
hence, perhaps, the true marl has not yet been reached. The prox- 
imity of this impure marl to the railroad, makes it desirable, if pos- 
sible, to learn whether the true greensand bed does not lie below it 
at an accessible depth. 

Three miles from English town, on the Matchaponix creek, at John 
Perrine's saw-mill, the same stratum is seen as at Hue's. It is not so 
destitute of the grains of marl as to be entirely unfit for use. It oc- 
cupies the bed of the creek for some distance below the saw*mill. It 
is sandy and micaceous, with small irregular concretions of clay 
cemented by oxide of iron and a few grains of marl. 

In many parts of this section there is a stratum of a mottled bluish 
clay with blotches of yellow, ferruginous clay. This lies over the 
spurious marl stratum, and looks not unlike the upper marl bed 
at Middletown and its vicinity. 

Around the parsonage, two and a half miles from En^lishtown, on 
the road to Freehold, the marl is pretty good, though a little impure, 
from containing some sand and clay. At no great depth it contains 
shells and other fossils. The soil is sandy, but grows better to the 
northwest. All the indications of the marl region are present here. . 

In and around the farm of Mr. Hunt, one mile from Bloomburg 
tavern, the marl lies extensively denuded in the meadows. It is 
pretty good, consisting mainly of greenish grains, with a good deal 
of clay. These meadows are very ferruginous, an<f contain bog iron 
ore. 
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Marl from the f ana of Mr. Sunt. 



Composition. — In 100 parte : 
GreensaDd, 
Clay, 
Qnartzose Band, 



75-0 
19-5 
55 

1000 



The proportion ai potash which this marl contaioB, dedaced from 
that in the greenfiaod, is 86 per cent. 

The marl seems not to be known mach further to the northwest, in 
which direclioo there is a low range of hilU of denudation. 

Below the dam at Bargain's mill, on the Millstone creek, the Bpnri- 
ons marl stratum is visible again. At Lewis Perrine's, half way 
between this and the Presbyterian church, the marl is fonnd, but not 
very good ; it lies rather high in the fields. The true marl is known 
here aa fui as Mr. Yan's, two miles farther towards the railroad on 
itocky brook, one mile below Imlay's mills. The quality is net 
known, but it is snpposed to be the inferior sort. 

At Willow Tavern or Clarksbnrg, a thin layer occurs in the road- 
side, being a light-green marl with yellow specks. Beneath this there 
is a whitish bed of siliceous sand with white clay and a very few yel- 
low and green specks. 

The ocnrey olive hue, so common in the clay of the marl region 
fnrther to the southwest, is seen here npon the road, and though no 
marl has been dng, I do not doubt its existence in this quarter. Marl, 
declared to be good, has been foand two miles to the northwest of 
Willow Tavern. 

The country between this and Allentown is, for a certain distance, 
somewhat hilly, then flat and very sandy. Hills occur of some mag- 
nitode near the head waters of Rocky brook, and range from east to 
west. The highest is called Pine Hill, and is the same which is seen 
to conspiouonsly from Hendrick Conover's insulated hill, as before 
noticed. We pass through a gap in this range, in coming from the 
northeast to the Willow Tavern. 

Two ranges of high grounds seem to extend in parallel directions 
to the southwest, one un each side of the road going to Wrightsville, 
before reacliing which place, however, the western one is crossed. To 
the east is Creain Ridge. 

At the head of Montgomery's mill-pond, near Allentown, Mr. Bur- 
den has dug iu search of marl. It is very poor (of ttiespuiious kind), 
no green graius being visible, and it tastes strongly of copperas. At 
the rate of twenty loads to the acre it destroys the crop. A very 
slight dressing, however, was thought to be beneficial to potatoes. 
The stratum is the blue sandy clay usually so astringent. 

At CroBswick's, Gideon Middleton has a marl pit near the mill, in 
which the layers are as follows : 

1. A mioaceoub tough clay on the top. 

2. A rather greenish gray marl, somewhat micaceous, hot pretty 
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rich. Beneath this, one foot of fermgixfoTU} marly concretiooB, each 
about the size of a man's bead. 

3. A dark blue marl. 

4. A black sand and marl. 

In sinking a well at his house, many years ago, the beds traversed 
were ten feet of yellow sand, then twenty-seven feet of marl, and 
below all a white sand. Low down in the pit just spoken of, shells, 
belemnites, &c., occur. Fossil wood, with much pyrites attached, is 
sometimes seen in the marl pit near the bottom. 

This marl is highlv fertilizing, as Mr. Middleton's fields show. Mr. 
M. Tioa mixed it witA lime witK very henefidal resvlU. In the upper 
stratum, yellow incrustations of efflorescent sulphate of iron abound. 

Marl from the twrm of Oideon Middleton. 

Compoeition. — In 100 parts : 

Greensand, - - - - - 68-00 

Clay, - - - - - 29-00 

Quartzose sand, .... 3-00 

100-00 

The proportion of potash which this marl contains, deduced from 
that in the greensand, is 7*8 per cent. 

The marl is very good one mile lower down upon Crosswick^s 
creek, at David Killev's. It lies in a bank on the side of the meadows 
along the creek, and has a top layer of the black astringent clayey or 
spurious marl. There is a good marl on Crosswick^s creek, half a 
mile above Hogsback landing, and I am told it extends still lower 
down. This proximity to the railroad is a matter of much importance 
to the adjacent region. 

Kear the Sand Hills, and in places between these and Bordentown, 
the lower or spurious marl stratum is visible in the sections of the 
railroad, and I am now firmly of the opinion, that the clay with lig- 
nite at Bordentown landing and below, is the lower bed of the marl 
formation, and identical with the astringent blue clay bed beneath 
tbe true marl or greensand at the base of Nevesink Hills and else- 
where in Monmouth county, and throughout a great portion of the 
whole marl re^on. 

^Ae2^t^w.— Howard's marl is near this place on the south side of 
Crosswick's creek, and presents both the true marl stratum and the 
astringent clay. The marl is dark, friable, smells of sulphur, and is 
found to be very efficacious. The overlying lead-colored clay is some- 
what micaceous, and contains a trivial quantitv of the greensand, 
being in all respects like the underlying bed which shows itself at 
Walrs mill, near Burlington. It resenobles very much the character 
of the bed where it caps the marl at Crosswick's and in the neigh- 
borhood. 

On the road from Shelltown to James S. Lawrence's, which is one 
13 
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mile southwest from Varmington, the same overljing bed is exposed 
in nnmeroDB places in the banks of the meadows. 

All these cases are adduced to show that the true marl overlies and 
alternates with the dart astringent clay along nearly the whole north- 
western edge of the marl tract, as for example, near Burlington and 
Camden. 

Fine expoeurea of the marl offer themselves to view in the vicinity 
of tlie residence of Mr, Lawrence. The soil itself is a brown, ferru- 
ginous loam, being a portion of a narrow tract of red, clayey soil, 
which extends a considerable distance northeast and southwest, pass- 
ing by Arneystown, and exhibiting wherever it is seen every evidence 
from its texture and the minute water-worn grains of quartz, of its 
having resulted from the breal^i^g up of an overlying stratum of 
brown sandstone. In some of Mr. Lawrence's fields it contains a very 
sensible quantity of the green granules. The upper part of the marl 
stratum, here differs materially in aspect from the lower. For a thick- 
ness of several feet it is little else tuan a mass of decomposed shells 
almost invariably in the state of casts, the shells replaced by oxide of 
iron. An inconsiderable proportion of the green grains is mingled 
with a yellowish white pasty matter, which is a mixture principally 
of sulphate and carbonate of lime, derived no doubt from the shells, 
and which impu'ts many Taluable. qualities to the marl. 

The lower stratum is a mass of dark greensand in which we wit- 
nesB few traces of the changes noticed in the materials of the mass 
above. The quantity of oxide of iron in the free state mixed with the 
rnarl causes it to be rather hard to dig ; this is the case with nearly 
all the mpre ferruginous kinds, but a oricf exposure to the air renders 
it friable when it is found to be a ; verj powerfully fertilizing marl. 
Striking benefits result from tlie rise of tnis marl when it is applied 
in the ratio of about ten loads to the acre. In this bed have been found 
teeth of the mosasaurut, and several bpnos apparently of the fossil 
crocodile. Mr. Lawrence states that Hs lower or dark green marl, 
which is very full of the astringent matter or sulphate of iron, will 
not admit of being lavishly employed, for it then invariably poisons 
the crop. If aa mnch as twenty-five loads, be used the growth of the 
corn is seriously checked ; nor does it recruit until lato in the season, 
after wTiich the vegetation is wonderfully quickened. The upper 
stratum, on the other liand, wilt admit of being applied in any ex- 
cess, one hundred loads or even more, producing no deleterious effects 
upon the crop. "Where tho banks of the meadows are high a differ- 
ent stratum irom either of the previous two is seen, and to all appear- 
ance occupying a higher ptace in the aeries. This is the calcareous 
Bandy stratum which, ia another part of this report, I alluded to as 
being ia all probability a depoBit of the same date with the limestone 
of VincBijtown and Huininfftdn. It 5b here a yellow calcareous sand 
with scattered grains of man, and with a multitude of solid casts of 
various fossils, some of which do not show themselves in the green 
Oiarl beneatJi. In this, bed ,1 have proqnrreij coprolites.* ATI the 

* Coproiilii tre the fossiliied dnng of «xtiact udmal^ 
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casts in question consist chiefly of carbonate of lime in an earthy 
state mixed with a little clay and sand. 

The.stratum in some places is more than twenty feet in thickness. 
Being the upper bed it is in many instances the only accessible one, 
in which case I think it deserves to be employed as a substitute for 
marl, not merely for the amount of calcareous matter in it but for the 
quantity of the greensand. Bones of some reptile, the crocodile ap- 
parently, are found in this stratum, and we may hence form a con- 
jecture of the source of the coprolites. From the same bed we may 
procure solid internal casts of claws of a fossil crab, two species of hor 
culitea^ teeth of the crocodile, and many interesting species of bivalve 
and univalve shells. 

In a deep ravine on the opposite or west side of Crosswick's creek, 
and a little lower down than where the previous beds are seen, and 
very near the line of an ancient Indian path, we have an exhibition 
of a very different group of beds. 

The upper layer is a yellow sand. A little beneath this, there 
occurs a brownish, ferruginous, sandy rock, characterized by casts of 
the ostreafalcata^ identical in all its features with the stratum con- 
taining ostrea falcata, and resting high up in the cliffs of the Keve- 
sinks. Next beneath is a dark siliceous sand, with casts of shells, and 
masses which appear to have been lignite or fossil-wood, replaced by 
a sandy clay. This bed is very astringent, the surface in many places 
being coated with the yellow efflorescence. Lower still there exists 
a mottled grey and yellow sand, and beneath all a grav sand with 
lumps of what was once lignite but is now clay, having all the mark- 
ings and occupying the place of the woody matter now removed. 

At John Miers, two miles south of the localities above described, 
excellent marl is seen in two layers, the top one being a light green, 
with little or no white incrustation upon the ^ains, and this gradu* 
ating into the inferior, or dark green marl, which seems to be rather 
less friable and considerably more ferruginous. The grains in the 
lower part of the stratum acquire, when drying in the heap, the white 
tasteless incrustation or efflorescence so common to the marls of the 
region, and which chemical experiment establishes to be the sulphate 
of lime of gypsum. 

Ito/rlfrom the farm of John Miers, on Lahaway creeh^ near Hbrnere- 
tovmj Upper Freehold township^ Monmouth county^ Upper 

part of the bed. 

Description. — Color, light green, clayey and adhesive. The washed 
granules, which are small, are of the same bright green color. 
Composition. — In 100 parts : 

Greensand, - . - . . 84-5 

Clay, 14-6 

Quartzose sand, - - - - 1-0 

100-0 
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The proportion of potash wbich this marl contaiDS, dedaced from 
that of the green grains, is 9'7. 

Lower portion of the stratum. 

Description. — Color, blaieb-gray, testore clayey and tenaceoDS. 
Tbe washed granules dark, almost black, and very l&rge. 
Composition, — In 100 parte : 

Greenaand, ..... 77'45 
Clay, - - - - - 22-55 

Qaartzose eaDd, .... none. 

100-00 
The porportion of potash, by analysis, is 9 per cent- 
It is an obserration made in this neighborhood, and one in complete 
accordance with my obeerTations throughout the marl tract, m its 
range from hence through Burlington and Gloucester counties, and 
even Salem, that when the light green shows itself it is asnally along 
the eastern side of the marl belt, and iavanably occupying a position 
on the top of tbe dark greensand. The latter, I find in many districts 
to be esteemed the most efficient of the two varieties. 

At Snuff MiU, ou a small tributary of Crosswick's creek, about one 
mile north of New E^ypt, we witness tbe same limestone bed which 
appears lower down tne State, at Yincentown, and in Salem county. 
It holds the same position on the top of the green marl, is a stratum 
of abont a foot in thickness, and contains the same corals or zoophytes 
— for example, the same alcyonia, and the same shells seen in the 
districts where this stratum of rock is of more important thickness. 

At Fuller Homer's, on Crosswick's creek, about s third of a mile 
below New Egypt, there is a bank exposing the strata, where, during 
the last twenty years, enormous quantities of marl bare been procnrM 
for the use of the neighborhood. The section is between twenty and 
twenty-fire feet high. Near the top of the bank, the upper layer is a 
greenish, siliceous and slightly calcareous sand, and beneath this 
occurs the rnbbly, straw-colored, and somewhat sandy limestone, the 
frequent capping to the marl. Both these layers are represented in 
precisely the same order near Yincentown. In the bank before as 
the limestone is rarely more than one foot thick, and reposes upon tbe 
greensand, or marl bed which consists of a series of thin layers of 
different tints, and various degrees of parity, occupying a depth of at 
least twenty feet. 

This is a locality containing some very interesting fossils, bat tbe 
present is not the place to treat of them. The marl has the very 
usnal odor of salphur, and exhibits, when dry, the gray or white 
efflorescence. It enjoys a high reputation as a manure. Most of the 
shells in it show that the carbonate of lime has been nearly all sup- 
planted by oxide of iron, and here, as in tbe instance of many other 
greensand marls, the virtues of the raasa are not to be attribated to 
the lime, but the specific power of the constituents of the dark 
grannies, chiefiy the potash. 
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Marl from the farm of Fuller Horner^ New Egypt Upper part of 

the bed. 

Description. — Color, dark olive-green ; washed granules very dark 
green ; size large. 

Composition. — ^In 100 parts : 

Greensand, - - . - . 100 

Clay - - - - - none. 

Qnartzose sand, - - - - none. 

100 
The portion oi potash which this marl contains, by analysis, is 11 
per cent. 

Marl from the hndge at Hornerstown^ Monmouth county. 

Description. — Color, a rather light green ; the washed grains quite 
small, and of a rich green. 
Composition. — ^In 100 parts : 

Greensand, ----- 75*90 

Clay, 20-10 

Qnartzose, ----- 4.00 

100-00 

The proportion oi potash in this marl, by direct analysis, is 9*1 per 
cent. 

Kear Ameystoum the marl is to be met with in nearly all the mead- 
ows and low grounds. The soil is the red or brown loom, derived 
from the destraction of the brown ferruginous sandstone, one of the 
principal upper beds of the secondary strata of the region. 

The underlying marl does not, to my knowledge, oflfer either the 
overlying light-green layer, or the still superior seam of limestone, a 
fact corroborating what has been said that these lie chiefly upon the 
eastern or ocean side of the marl tract. The dark marl here is highly 
effective upon the crops. 

Between Ameystown and Hornerstown, we meet the same superior 
thick mass of calcareous sand full of organic remains ; these are 
usually in the state of solid casts of the intenor of the shells. The 
whole* corresponds to what we see nearer to Varmintown, at Mr. 
Lawrence's. The spot where this bed best shows itself is on the hill 
side overlooking the meadows at Crosswick's creek, and it is thought 
that we may benold here, as at Lawrence's, a slight dip of the strata 
to the southeast. Upon the other side of the valley, on a level with 
the meadows, we meet with a gray loose sandstone full of osirea fal- 
cata^ in an undissolved and beautifally pearlv condition. 

At Cookestownj a rock, equivalent to the Yincentown seam of 
limestone, is seen lying near the level of the stream. 

At Inday^Sy where the Monmouth road crosses Crosswick's creek, 
and about half a mile below Fuller Horner's beds, the marl series is 
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exposed at a considerable elevatioQ above the creek. Gray Band 
shows itself on the top, then followe a yellow sand with ferrnginona 
bands of cemeDted shells, and then sand with green grains, throngh 
a thicknees of several feet, down to the top of the pure greensand 
strata m. 

A light green marl, fonr feet thick, fall of casts of shells, sncceedB, 
below wliich lies the dark green marl, rather coherent or slightly ce- 
mented by oxide of iron, and a few shells. 

The top of this is many feet above the meadows, aad I can well 
comprehend how, by the descent of the meadows to Lawrence's, 
space enoagh may exist for the siliceous beds, characterized by ostrea- 
falcata, to occupy a yet lower place in the series. 

Marl frcnn the farm of William Imlay, between Plattslurg and 
Amet/iovm, Surlington county. 



—Color, dark olive-green ; washed granules, dark clear 
green, and of large size. 

Composition. — In 100 parts: 

Greensand, ..... 91-85 

Clay, 6-65 

Quartzose sand, ... - 1-50 



The proportion of potash in this marl, deduced from that of the 
greensand, is 10*5 per cent. 

Marl from Crosswicks crteh, at its intersection with the Mount 
Molly and Monmouth road. 



Description. — Color, dark earthy green. 
ComposiHon. — In 100 parts : 

Greensand, - - . . 

Clay, 
Quartzose sand. 



82-22 
13-58 
4-20 



The proportion of potash in this marl, as deduced from the green- 
sand, is 9'6 per cent. 



Plaitshurg, or SyketviUe. — Marl of excellent quality is procured at 
the following analyses will 



several places in this neighborhood, 
show. 



Marl from Poks 3iU, near Platt^urg, Burlington county. 

Description. — Color, a greenish olive-gray ; washed granules, a rich 
dark olive-green, rather -above the medium size. 
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Composition. — In 100 parts : 

Greensand ... - - 98-0 

Clay, 20 

Qaartzoee sand, ... - none. 

100-0 

The proportion oi potash in this marl, by analjsis, is 10'7 per cent. 

Marl from the farm of Sarah WiUiSj half a mile northwest of 

Plattshurg. 

Description. — Color, a rich green ; the washed granules have a 
still richer tint ; they are of medium size. 
Composition, — In 100 parts : 

Greensand, ----- 69-1 

Clay, 23-9 

Quartzose sand, . - - - 2'0 

100-00 

The proportion of potash in this marl, deduced from that in the 
greensand, is 7*9 per cent. 

Marl from the farm of John Pancoast^ half a mile northwest 

of Plattshurg^ Burlington county. 

Description. — Color, light verdigris-green ; the washed granules 
even lighter in color ; size, small. 
Composition. — In 100 parts : 

Greensand, ----- 76*50 

Clay, 22-00 

Quartzose sand, . . - . 1-50 

10000 

The proportion of potash in this marl, deduced from that in green- 
sand, is 8-7 per cent. 

Marl from the fai^m of Thomas Earl^ three quarters of a mile 

northwest of Plattshurg. 

Description. — Color, earthy pea-green ; the washed grains, small 
in size and of a dark sea-green color. 

Composition. — In 100 parts : 

Greensand, ----- 56 

Clay, .-..-- 36 

Quartzose sand, ... - g 

100 
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The proportion of potash in this marl, deduced from tbat in the 
greeosaad, is 6-4 per cent. 

Marl from the farm of Caleh Newhold, two mUea southwest <fI*laU8- 
hurg, west aide of Lowland Road- 

Deacrtption. — Color, pea-green ; the washed grains small in size, 
and of a sea-green color. 

Composition. — In 100 parts ; 

Greensand, ----- 84-10 
Clay, - - - . - - 1690 

QuartzoBe sand, - . - - none. 

100-00 

The proportion of potash in this marl, bj direct analysis, is 9-S per 
cent. 

Marl from the farm of Thomas Black, two miles wett of Platt^urff. 

Description. — Color, dark, dnll green, but Utile clianged by wash- 
ing; graanlee large. 

Composition. — ^In 100 parts ; 



Greensand, 
Clay, 
Qoartzoee sand, 



90-50 
»-50 
none. 

100-00 



The proportion of potash which this mail contains, ascertained by 
direct analysis, in 108. 

Amey'fl Mount is a considerable hill at the Friends' meeting-house, 
one and a half miles southwest from Juliuetown. The eandy soil of 
the neighborhood, even that of the road, is mixed with the greensand, 
80 that its color is senBibly influenced by it. Eastward from the meet- 
ing-honse, a few hundred yards, there is a small opening on the road, 
where the ferrnginous conglomerate has been quarried. Moat of the 
cemented particles in this rock are grains of coarse siliceous sand, bnt 
some of them &r6 felspar. It is very hard and durable, and sbows no 
departure from the horizontal positioo. 

On the top of Amey's Mount, there lies a pretty thick bed of this 
sandstone; it is largely quarried, dipping very gently to the east. 
This monnt is distinctly visible from Mount Solly, from which there 
is a rather extensive view. The whole enrronnding landscape is ex- 
tremely flat, the eastern horizon, more especially, being perfectly 
uniform. Marl occurs, near the surface of the fields, to the southeast ; 
its existence being shown by the water oozing forth along the base 
of the hill or monnt. 
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Marl from the farm of Thomas CoaUy half a mile southwest of 

JuUustovm^ Burlvngton county. 
• 
Description,. — Color, a very rich verdigris-green ; the washed grains 
of a darker color and very small. 
Composition. — In 100 parts. 

Greensand, ..... 77*25 

Clay, 12-76 

Quartzose sand, - - . . 10*00 

100-00 

The proportion of potash in this marl, deduced from that in the 
greensand, is 8*8 per cent. 

On the Assiscunk (Barker's branch) a little above Slabtown, marl 
has recently been opened. It is not good, owing to its containing too 
mndi of the ordinary impurities. The opening is on the side or the 
road. It is said to contam fossils. 

Higher up, on the same branch, the marl seems to be considerably 
better, yet it is too siliceous to be ranked as the best kind. 

Burlington. — ^The nearest place to the river where marl occurs in 
this vicinity, appears to be at the mill-pond, near Wall's mill, one 
mile south of the town. The pit is not deep, owing to the stratum 
being wet. It is exposed in a spot where the dam, some time since, 
gave way, and its top is very little below the level of the original 
water-course. The top of the stratum is covered by a thin, hard, fer- 
ru^nous crust. The marl is highly siliceous and micaceous, yet con- 
tains a very sensible proportion of the green particles. Ko fossils 
appear in it. It has a strong sulphurous odor, and presents the yel- 
low efflorescence and astringent taste of copperas, and resembles 
pretty closely that at Johnson's, near Mount's mill. 

This material manifestly underlies the true greensand, which here 
and at Bordentown, and indeed generally throughout the belt of 
country bordering the Delaware, has been extensively swept away 
along the northwestern margin of the formation by denuding cur- 
rents. 

At CostilVs mill the marl is pretty much of the same character, 
containing perhaps rather more of the black clay and siliceous sand. 
Sulphuret of iron also occurs in it, in little nodular lumps. It smells 
strongly of sulphur. When applied in light dressings to the land, it 
has been found useful. It is said to contain shells and sharks' teeth. 

On the Rancocus^ near Franklin Park, the good marl lies at the 
level of the tide, being covered by the yellow ferruginous sand, and 
has much clay mixed with it. It has been found very beneficial, but 
is regarded as inferior to that which lies higher up the Bancocus. It 
contains fossils. 

Higher up the Rancocus, the marl extends to Pemberton and 
Vincentown, and, it would appear, almost to the vicinity of the Pine 
Cottage. 
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Marl Jrom Pemierton Mills. — Upper part of the Stratum.. 

Description. — Color, yellowbh pea-greeny the washed grauiB of a 
darker green and of small size. 
Composition. — In 100 parts : 

Greenaand, . . - - - 54 '13 

Clay, 20-47 

Quartzose sand, .... 2540 

100-00 

The proportion oipotoik in this marl, by direct analysis, is 6*5 per 
cent. 

Lower part qf ths Stratum. 

Description. — Color, very light greenish gray ; highly clayey and 

adbeeive. 

Composition. — In 100 parts : 

GreeoBaod, ..... 38-05 

Clay, 26-95 

Qaartzoee sand, .... 35-00 

100-00 

The proportion of i)oia»A which this marl contains, deduced from 
that in the greenBana, is 4-3 per cent. 

On the Haybridge run, a mile and a half north of Pemberton, 
there is very good green marl which is dug near the road. Over this 
ie a tbin layer, containing much of the copperas earth In a state of 



At Forsyth's, north of the road between Femberton and Lisbon, 
and one and a half miles from the former place, there ia very good 
dark-green marl, lying on the surface of the meadow. It coutains 
numerous fossils. On the edge of the meadow, and near the top of 
the marl, (here were found, some years ago, the principal portions of 
the head of a mastadon, and also a tusk, pieces of the tibia, ribs, &c. 
It would seem, from the state of the bones, and the unworn condition 
of the teeth, to hare been a young one. The head was exposed to 
the air, lying only eighteen inches below the enrface of the meadow, 
and was much decayed. 

In a ravine, on the edge of the meadow, and lying in the yellow 
sand which covers the marl, there was found a mass having all the 
external cbaracteristica ot retinaepkcAtum. 

Shark's teeth, phosphate of iron, &c., occnr in the marl of this vici- 
nity. 

Mirmingkam. — The marl is generally of a superior quality along 
the north branch of the Raococus, both above and below Birming- 
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ham. On the north side of the stream, it is eztensivelj opened on the 
farm of Jacob Gaskill, where the greensand may be penetrated to a 
depth of twenty-five feet without serious inconvenience from the infil- 
tration of water into the pits. ^ 

Marl from the farm of Jacc^ GaakiUy near Birmingham^ Bur- 
lington county. — Lower part of the bed. 

Description. — Color, dark greenish-gray ; washed granules, dark 
olive-green ; rather large. 
Composition. — In 100 parts : 

Greensand, ----- 92*9 

Clay, 6-1 

Quartzose sand, - - - - 1*0 

100-0 

The proportion of potash which this marl contains, by analysis, is 
10*8 per cent. 

Marl from the farm of John Woolstonj a fourth of a mile south 

of JSirminghamy Bancocus creek. 

Description. — Color, dull grayish-green ; the washed grains of a 
light green color, and rather small size. 
Composition. — ^In 100 parts : 

Greensand, ----- 82-60 

Clay, 10.40 

Quartzose sand, ... - 7-00 

100-00 

The proportion of potash^ deduced from that of the greensand, is 
9*5 per cent. 

Marl from the farm of John Dobbins^ a fourth of a mile south 

of Birmingham^ Bancocus creek. 

Description. — Color, dark, olive-green ; texture, granular, granules 
of a medium size; when washed, of a deep full green. 
Composition. — ^In 100 parts : 

Greensand, ----- 92*75 

Clay, 6-25 . 

Quartzose sand, - - - - 1*00 

10000 

The potashy by direct analysis in this marl, is 10*02 per cent. 




204 GEOLOGY OF NEW JERSET. 

Marl from ike farm, of Mr. Charlea Mum, one-fourtii of a mile 
south of Birmingham, on Rancocua creek. 

Description. — Color, sea-green ; the'waBhed grains of rather large 
aize, and of a very rich green color. 
Comj>osition.~lt\ 100 parts : 

Greensand, 91-35 

Clay, 8-65 

Quartzose sand, .... none. 

10000 
The proportion of potash in this marl, by analysia, is 10 per cent. 
Vincentown. — The proportion of greenaand in the marls of the 
yicitiity of Vinceiitown, though ench as to confer decidedly active 
properties, is yet somewhat inferior to that of some preceding locali- 
ties. In other respects, these marls are of ordinary pnrity. 



Marl from the farm of Mr. Job Frick, 



• Vineentovm. 



Description.— Color, dnll greenish -gray ; washed grannies of a 
dark rich green, and of medium size. 
Composition. — in 100 parts : 

Greensand, ----- 77"55 

Clay, 20-45 

Quaitzose sand, .... 3-00 

100-00 
The proportion -li' potash in this marl, by analysis, is 8-3 per cent. 

Marl from the farm of Mr. Benjamin Peacock, near Vincentown. 

Description. — Color, dark grayish green ; the washed grains of a 
deeper green and smaU size. 
Composition. — la 100 parts : 



Greensand, 
Olay, 
Qnartzoee sand. 



76-13 
15-45 

8-42 




The propcirliou of potash, as deduced from that of the greensand, 

is 8'7 per cont. 

Marl from the farm of EdwwrdHilliard, half a milesouthof Vin- 
cen (own. — Lower portion of the stratum. 

Description. — Color, verdigris-green ; the washed grains of a darker 
color, and very small. 



t 
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Composition. — ^In 100 parts : 

Greensand, . - - - - 72-58 

Clay, 19-92 

Quartzose sand, . - - • 7-50 

100*00 

The proportion of potash in this marl, by analysis, is 7*9 per cent. 

^yratovm. — ^The marl in the meadow midway between Eayrstown 
and In ewbold's Corner, presents something unnsual. The trains are 
generally coarse and dark green, while some are very li^Ht, almost 
white, and seem to be decomposing. These owe their Triteness to 
an incrustation of ca/rbonat6 of Ume^ their interior being of a very 
liglit green. 

1 here submit the analyses of two marls from the vicinity of Eajrrs- 
town, by which it will appear that the greensand formation exists 
here in considerable parity. 

Marl from the farm of Thomas Edwards^ half a mile southwest of 

Eayrstown. 

Description, — Color, lead-gray ; contains a few particles of carbon- 
ate of lime, adhesive ; the washed granules are light grayish green, 
and of medium size. 

Composition. — ^In 100 parts : ^ 

Greensand, . - • . . 93'5 

Clay, 6-5 

Quartzose sand, .... none. 



100-00 



The proportion oi potash which this marl contains, is 10*1 per cent 

Marl from the farm of Messrs. Thomas and William Edwards ^ near 

Eayrstown. 

Description. — Color, dark verdigris green ; the washed grains quite 
small and of a verv rich green. 
Composition. — ^In 100 parts : 

Greensand, - - - - - 81-69 

Clay, 18-41 

Quartzose sand, .... none. 

100-00 

The proportion of potash in this marl, deduced from that of the 
greensand, is 9*30 per cent. 

Points sotdh of the jRancocus. — On Haines's creek, or the main 
south branch of the Kancocus, one mile and a half below Haines's 
place, the banks exhibit the black micaceous and astringent clay, 
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aacertained to reet tliroughout a considerable area beneath the trne 
green marl. Id b meadow half a mile to the north of Joseph Haines's 
the two beds are seen in contact. 

At Charles Haines's mill, two miles below Medford, on the creek, 
a section is seen, exhibiting on the top a greenish siliceons sand ; 
beneatb this, a gray sand some feet tbicK, containing a small propor- 
tion of tlie green granules; and nnder this, the straw-colored lime- 
stone two feet thick. 

These beds hold the same order, and are identical in composition 
with those above the green marl at New Egypt and elsewhere, towards 
the eastern aide of the " marl tract." One-foorlh of a mile from the 
mill, the beds have been cut tbrongh in digging a well, into the 
greensnnd underneath. The limestone was reached between seven 
and eight feet below the surface. It was in thin irregular beds, 
separated by iocohering sand and calcareous grains, similar to tho 
mixture which composes the rock; its total thickness is about six 
feet; the organic remains are the same which characterise the lime- 
stone at Yincentown. The marl stratum here possesses when dry, a 
dark, alighily greenish-gray hne, the granules being coated with a 
very copious efflorescence ; it resembles the marl at Inskeep's, In 
the upper part of the bed there is a layer four feet thick, of decom- 
posed shells, (GrypUea, &c.) mingled with the green grains, in a dark 
friable brownish mass ; the efficacy of this npon the soil is found to 
be very great. Capping this upper layer, the diluyium contains a 
bottom band of very ferrugnions cemented sand and gravel, a foot 
and more in thickness. 

The extensive range of meadows in which these exposures of the 
strata occur, meets toe meadows of the Rancocus about two miles 
above the limit of the tide, at Joseph Haine's. They contain marl 
along iheir banks almost to the source of the streani. None of the 
overlying limestone seems to occur nearer the Delaware than this 
point, for the marl here is the uppermost stratum. 

The limestone belt measured Irom northwest to southeast, appears, 
as far as exposed, to be about one mile wide, and there are pretty 
good reasons for concluding that it expands still more to the south- 
east. In the marl ut J. Haities'^, shells, sliark's teeth and boues are 
occasionally found. 

The mail is traceable as far to the southeast as Pricket's, upon the 
edge of the sandy tract, denominated from the prevailing timber, the 
Pme»- It is liere very similar to the npper ana mcderately pure va- 
riety seen in the sti-atum at Medford. 

Near Medford, which is about two miles from the edge of the pinea 

Sretty good marl abounds in all the ravines or meadows adjacent to 
le town. 

Mseaham. — Some of the marl in this vicinity is remarkably pure 
as the following analysis will show : 

Marl from Eoesham., Burlington county. 
Description. — Color a medium tint of green ; gi-anules of rather 
large size. 
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Composition. — In 100 parts : 

Greensand, - - - - - 100 

Clay, - ... - none. 

Quartzose, . . - . . none. 

The proportion of potash by direct analysis is 11 per cent. 

On the north branch of Cooper's creek, and about one and a half 
miles south by west from Swain's the marl is very extensively laid 
bare in the banks bordering the meadows. The marl pits of Mr. Buck, 
J. P. Rogers and others, are very extensive. At the former, which 
are low, the marl is of a pretty light bright green ; upon drying it 
does not become covered with much efflorescense. Tl)e excavations 
enter the stratum about ten feet ; no shells or other fossils are seen. 
The sand of the overlying diluvium contains some of the green gran- 
ules, and a layer which has somewhat the aspect of a green clay, de- 
rived perhaps from the granular marl below. That this overlying bed 
is certainly diluvium, is proved by the fact of its occasionally filling 
troughs or undulations in the top of the marl, which seems to have 
been furrowed at some time by rapid currents sweeping over its sur- 
face. 

At J. P. Rogers', the color of the marl is darker, being a deep, 
dull bluish green. These varieties in color are due more often to 
small admixtures of differently-colored clays than to an intrinsic dif- 
ference in the tints of the granules themselves. The marl now before 
us exhibits a copious white efflorescence on drying. It is certainly a 
curious fact, but is true, as far as I have yet observed, that the dar- 
ker marls have more of this than the light ones. The dark and light 
green varieties in this quarter seem not to be, as in many places 
elsewhere, distinct beds. At the depth of about ten feet numerous 
fossils occur. Besides the ordinary shells there have been found 
shark's teeth, and a portion of the jaw of a crocodile, containing three 
of the teeth in their sockets. A small mass of a black bituminous 
substance possessing all the characters which belong to retinasphal- 
turn was procured two feet beneath the top of the marl. It is iden- 
tical in all respects with the mass found near the top of the marl at 
Forsyth's. 

At Cooperstown, upon Cooper's creek, five miles from Camden, 
there is a marl much in use throughout the neighborhood ; it lies near 
the surface, being covered by a yellowish, mottled, bluish clay, ap- 
parently the same with the hrick earth upon which Philadelphia 
stands. 

It has been penetrated in pits which are dry, to the depth of twenty- 
four feet. It is a tough, unctuous, bluish, clayey stratum, with only 
a moderate percentage of the green granules, and a considerable 
amount of the astringent matters, (copperas, &c). It contains numer- 
ous shells — some of them of great size ; an oxygra coatata found in it 
weighing upwards of nvne pounds. 
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Marl from tlu farm of WiUiam Skinner, near Coopersiovm. 
Gloucetter county. 

Description. — Color, dark doll greeu -, the washed gr&uales more 
diatinctl; green ; these are of a large size. 
ComjMSition. — In 100 parts: . 

Greeasand, - . . . . 85'63 

Olay, 14-37 

Qnartzose sand, .... Done. 

100-00 

The proportion of potash in this marl deduced from that in the 
greensaod is 9*8 per cent. 

Within one mile of the Delaware, to the north of Cooper's creek, 
a bed is reached having all the characteristics of that atBarlinetoD 
and near Spotswood. It is highly aBtringent, thongh when ns^ in 
moderation it has been fonnd to oe serviceable upon the potato crop. 
Shells and sLark's teeth are said to have been found in it, though of 
this I have not been able to get distinct information. 

LOCALrriBS BBTWEEK OAMDES ASD Sia.EH. 

Good marl abounds on Big Timber, Woodbnry, and Mantna 
creeks, within the limits already designated. In the vicinity of 
Barnesborongli, the proportion of greensand in the stratam gives it a 
high degree of fertilizing power. The following analyses will serve 
to show its composition in this portion of the tract. 

Marl from the farm of Thomas Bee, £kq.. Union Crosa-Roads, 
about foe mtles southioest of 'Woobury, Deptford, tovmsh^, 
Gloucester county. 

Description. — Color, rich verdigris green ; the washed grains of a 
deeper green. 

Composition. — In 100 parts : 

Greensand, ..... 92-48 

Clay, 7-53 

Qnartzose sand, .... none. 

100-00 

The amount of potash in this marl, by absolute analysis, is 10-35 
per cent. 

Marl from the farm of Josiah Seritage, two and a half miles 
salt of Samesborough, Gloucester county. 

Description. — Color, dark olive-green ; washed grannies still dark- 
er, approaching to black ; size, rather large. 
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Composition, — In 100 parts : 

Greensand, . . - - - 93'70 

Clay, 6-30 

Quartzose sand, .... none. 

100-00 

The proportion o{ potash in this marl, by analysis, is 10*4 per cent. 

Marl Jrom the farm of Josevh Clarke^ three quarters of a mile east 

of ^amesboroiigh. 

Description. — Color, very dark greenish gray ; the washed grains, 
quite coarse and of a dark sea green color. 
Composition. — ^In 100 parts : 

Greensand, ----- 84'81 

Clay, : - . - - 14-69 

. Qaartzose sand, - - - - 1*00 

100-00 

The proportion of ^(?to«A in this marl, by direct analysis, is 9.8 
percent. 

Jtarlfrom the farm of Mr. Hoffmcm^ one mile and a half from 

BameJborough. 

Description. — Color, rich verdigris green, granular; washed grains 
unchanged. 

Oomposition. — ^In 100 parts : 

Greensand, ----- 85*58 
Clay, ----- 13-42 

Qnartzose sand, - - - - 1*00 

100-00 

The proportion oi potash in this marl deprived by direct analysis, 
18 9'5 per cent. 

Marl from the farm of John Oaunty one mile and a quarter west of 

Bumeshorough. 

Description. — Color, dark-gray, somewhat tinged with oxide oV 
iron ; granules lar^e, and, when washed, of a dull, earthy color. 
Composition. — In 100 parts : 

Greensand, ----- 821*46 

Clay, 17-65 

Qaartzose sand, .... none. 

100-00 
14 
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Tbe proportion of potash, deduced from that of llie greensknd, ia 
9*4 per cent. 

Marl from the farm of James Jehnea, one mile and a quarter west of 



Description. — Color, pale yellowish-green, eomewhat clayey and co- 
hesive in texture; the washed grains are dark-greoo, and of medjam size. 

Composition. — In 100 parts : 

Greensaud, ..... 90-22 

Clay, 8-78 

QoartzoBe sand, .... i-oo 

10000 

The proportion oi potash which this marl contains, as deduced from 
that in the greensand, iB lO'l per cent. 

At Carpenler^s Landing, and at abont one bnndred yards north of 
Mantna creek, the bine clay, containing a small proportion of the 
green granules and much siliceous sand, displays itself upon the road, 
where the top of the stratum holds up and discharges the water. It 
is seen verr generally npou the side of the marl tract next the river, 
and may, in nearly every instance, be known by the water which it 
throws out, and the astringent impregnationB contained in it. 

A pretty deep section of the beds belonging to this portion of the 
marl region is beheld in Kichard's Hill, abont two miles north of 
Hnllica Hill. A loose, vellowigh sand, containiDg a few of tbe green 
gruns, and having the depth of abont fire feet, occnra on top, being 
underlaid by about seven feet thickness of ferrnginoue sand fall i^ 
diaintegrating shells, casts, and concretions, intermmgled with a small 
amount of the greensand or marl grains. Below this theie occnrs a 
brown, ferruginous sand, containing a few of the grannies, indistinct 
casts, and cemented Inmps or concretions of the same with the c^- 
careous matter of tbe shells. Beneath all, and nearly at the base of 
the hill, is a bed of unmixed ochreons ferruginous sand, very yellow. 
It has been dug by the meadow side, and applied to tbe soil, bat with 
what f;ood results I know not. By advertmg to the eertion at Mnlli- 
ca Hill, to be given next, it will be seen tbat tiiis last bed is in all 
probability the same which lies at the base of the sprfps 'h^Te, nnd 
that to search, therefore, lower in the earth at this place for a pnrer 
marl than that half way np the hill, would be to experiment without 
hope of success, or at least any tbat oonld be justified by our present 
knowledge of tne marl stratum In this qnarter. 

About fonr miles northeast of Mumoa Hill, a marl ia dag in a 
ravine near the road which leads to Woodbury, which is of a dark 
green color, and found to be extremely beneficial upon the land. 

Aoalyais shows it to poasess tbe following 
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CompoBitian. — ^In 100 parts : 

Silica, 62,05 

Protoxide of iron, - - - 23'20 

Alaminja, . - - - . 750 

Potash, 11-20 

Water, . . . - . 5-25 

Lime, ----- a trace. 

99-20 

MvJlica Sill. — At the village of this name, a fine escarpment, 
formed by the yalley of the Baccoon creek, exposes an interesting 
series of beds throogh a height of about forty feet. The uppermost 
deposit of all is about six or eight feet of diluvial sand and gravel. 
Isx the descending order the beds are : 

1. A light-colored bright greensand, very free from any foreign 
substance, if we except a moaerate share of the greenish clay. It has 
all the aspect of the lig^ht-ffreen or upper marl of many other locali- 
ties, the efficacy of which lias been proved in some cases to be eanal 
to that of the darker stratum which lies beneath ; notwithstanaing 
which, the farmers of the vicinity deem it to be quite inert, and there- 
fore erroneously call it a clay. " It is admitted that very imperfect 
attempts have been made in using this materiid as a manure, and I 
cannot but believe that a too precipitate lodgment has been passed 
upon it ; for, as the following exhibition of its chemical coDStitation 
snows, it differs but little from many marls of long acknowledged 
efficacy. Its composition, it will be seen, does display a less than 
ordinary proportion of potash. 

Anal/ysia of the ligkt-green Oreensand of MuUica HiU. 

Composition. — ^In 100 parts : 

Silica, 62-32 

Protoxide of iron, - - - - 27*56 

Alumina, . - . . . 8*94: 

Potash, . . - - . 5-50 

Water, - - - - - 6-42 



99-74 



2. A chocolate-colored bed, in which about one half is the green 
granular matter and one half a fine clay of a light purple or chocolate 
tint This also has all the features of a good marl, though it is not 
reputed to have any power. 

3. A thin seam, not more than a foot in thickness, of a dark bluish- 
green marl, unqestioncMy very good. , 

4. A bed consisting of dark greensand and shells in the state of 
casts ; the shelly matter being all replaced by oxide of iron. 

5. A dark yellow ferruginous sand, with casts of shells and ferm- 
ginoiu concretions, and a small proportion of the green granules. 



w^ 
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6. A dark yellow ferrugiDoos Band, almost entirely free from the 
grains of marl, and containing no Irace of organic remaioB. 

In tlie meadowB east of MuUica Hill abont half a milo, excellent 
marl is dug from a level many feet bighertbau the bed of the stream. 
As far as tne general aspect of the surface enables ns to judge, the 
position of tliis bed is lower tban the green stratum in Mullica Hill ; 
out whether they are different horizontal beds, or one and the same 
etratam connected by a slight dip to the east, are points demanding 
additional research to settle. 

The width of the visible marl tract in the neighborhood of Halliea 
Hill, is about three miles. 

The several beds seen at Mnllica Hill are discemable io the same 
relative positions in various places more to the southwest. At Cols- 
ton's, four and a half miles off, the marl is very good. 

The analyses which follow will exhibit the character of the marl in 
the neighborhood of Mullica Hill. 

Marl from, the farm of Isaac Sherman, one miU east qfJUuUica 

ma. 

Description. — Color, dark-green ; the washed grains small and of a 
deeper tint. 

Composition. — In 100 parts : 

Oreensand, ..... 90*37 
Clay, - - ... . 7-63 

Qnartzose sand .... 2-00 

100-00 

The proportion of potash in this marl by analysis, is 9-9 per cent 

Marl from the Farm of Michael AlIen,h<dfamilenortheaetofMvl- 
licaSiU. 

Description. — Color, light pea-green; the washed grains, mediam 
size and of a darker green color. 
Compoiition. — la 100 parts : 

Greensand, - - - • - 96-36 

Clay, 3-64 

Qnartzose eand, ■. . . , oone. 

10000 

The proportion of potash which this marl contains, as obtained by 
analysis, is 12 per cent. ' 

Marl from the estate of William Sows, Mullica Sill. 

Description.-~C6\or, dull, verdigris-green ; the washed grains of a 
richer green, and small in size. 
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Compodtian. — In 100 parts : 

Greensand, - - - - - 91*95 

Clay, ..... 8-05 

Qaartzose saud, .... none. 

100-00 

The proportion of potash in this marl, bj actual analysis, is 10'2 
per cent. 

Marl from the fwrm of Mr, Jonathan Cotdsonj one mile from 

MvUica Hill. 

Description. — Color, dark grayish green ; the washed grains large 
in size, and of a deeper green color. 

Con^poeition. ---In 100 parts : 

Greensand, ..... 86 

Clay, 11 

Qaartzose sand, ..... 3 

100-00 

The proportion of potash in this marl, deduced from that in the 
greensand, is 9-8 per cent. 

Marl from the farm of Josiah Lippinootj one mile south-sotUhwestqf 

MuUtoa EiU. 

Description. — Color, dull, grayish-green, owing to the presence of 
clay ; the washed grannies dark-green, and of medium size. 

Composition. — ^In 100 parts : 

Greensand, ..... 89-52 

Clay, 7-88 

Quartzose sand, .... 2*60 

100-00 

The proportion of potash^ deduced from that in the greensand, is 
10'2 per cent. 

Marl from the farm of Elijah Horner^ one mile and a half southwest 

of MvUica Sillj Gloucester county. 

Description. — Color, rich green, of medium tint; washed granules 
dark, and of large size. 

Composition. — ^In 100 parts : 

Greensand, ..... 90*75 

Clay, 8-25 

Quartzose sand, .... I-OO* 

100-00 

The proportion of potashy shown in this marl, by direct analysis, is 
10-8 per cent. 
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T£arl from the farm of John DouU, between Woodatovm and Mvlliec 
Mill, three miles from the former. 

Description. — Color, dull, earthy green ; the w.ished grains of a 
dftrk green, and very small in eize. 

Compoeiticn. — In 100 parts ; 

Qreensand, . . . - . 89-55 

Clay, 10-45 

Qnartzose sand, .... dodo. 

100-00 

tho proportion of potash in this marl, dednced from tliat in the 
greensand, is 10.2 per cent. 

Woodstown. — The exposed portion of the marl tract, opposite 
Woodetown, is of consiaerable width, extending from a little east of 
the village to about one mile and a half northweet of Sharptown. In 
this neighborhood, the streams cat rather deeply i»to the bed, and 
reveal very nearly the same varieUes of the marl or greensand as at 
Hollica Hill. Upon Old Man's creek, the marl is found as far 
towards the Delaware as Sknlltown, which indicates a wider expan- 
sion of the deposit than might be inferred from confining onr obBer- 
vations to the exposare npon Salem creek. The marl of SkuUtown 
resembles closely that which is seen in many other places as we 
apjM-oach the Delaware. 

The excavations at Woodstown are very extensive, in consequence 
of the excellent quality of the material and the circumstance that this 
is near the extreme southwestern termination of the marl tract, or at 
least of that portion of it which lies at a sufficient elevation to he of 
easy access. The features of the stratum, where it is opened in the 
eastern bank of Salem creek, are such as belong to a great number of 
other localities, more particnlarly within tho southern naif of the marl 
rcffiion. 

The beds in the descending order are as follows : 

First, the QBual covering of diluvium, in which there abounds a 
considerable quantilv of white quartzoae gravel, and near to the top 
of the subjacent marl a number of large rounded blocks of a yellowisn 
sandstone, scarcelr calcareous. It is close grained, and often excea- 
lively tough. It has been derived evidently from a stratum once in 
place upon the upper surface of the marl, a portion, I have no doubt, 
of the bed which still occupies that position in many places not re- 
mote. I see erery reason to consider it as representing the stratum 
known as the siliceous limestone of Hannington, Vincentown, and 
other points. It seems to differ from this rock in Uie relative propor- 
tion of the sand and lime, containing but very little of the latter. At 
the bridge over Salem creek, abont a fourth of a mile to the west of 
the marl pits, where these rounded blocks occur, there exists in an 
tmdjsturbed condition a stratum of rock in the very position here 
assumed, and of a composition and aspect strictly intermediate be- 
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tween the almost pure limestone aad the above tnentioned almoet 
perfect eandsione. It lies cloee to the water's edge, aad has, therefore, 
been Utile noticed. It effervesces pretty actively with an acid, and 
has been fonnd, when burned in the small way, to yield 8 lime capable 
of slaking. It possesses a yellowieh-gray hae, showing the ordinary 
flinty sand which is its main ingredient, and in addition, a trivial per 
centage of the green grannies. 

The next deposit is the light green marl, which does not overlie the 
dark green in all parts of the bed, being absent in all the excavations 
nearest the town. In the banks lower down the creek, as at Ur. 
White's, the aection exhibits a layer of the light green or upper marl 
fonr or five feet thick, resting upon the dark green, whica is hero 
called blue marl, and from wbicn it is occasioualiy separated by a 
crust of cemented fermginons matter an inch or two in thickness. 
Mr. White has applied the material of this npper stratnm to a portion 
of his soil without any apparent benefit to the crops, and his sentiment 
is, that it is destitute of fertilizing powers. In the pits farther up the 
creek, where a thin stratum of it occars, it is dng and ase is made of 
it, though the farmers prefer the marl from the darker bed below. 

In the banks nearest the town, we behold only the lower marl 
penetrated in some places to the depth of fonrteen feet, and resting 
under the gravelly diluvium, from which it is parted by a thin 
cemented ferrngitious crust, a proof of the impcrvionsncss of the 
stratnm, and the facilitv with which the water penetrated the dilu- 
vium, and brings down tne oxide of iron which it contains. As the 
covering of dilnvial sand and gravel increases in thickness in receding 
from the creek, it is becoming a daily augmenting obstacle to tbe 
uncovering of the marl, rendered more serious by the copious ingress 
of water from the marl itself. I take this place to recommend atten- 
tion to tbe advantages to be derived from the applicati(tn of some 
simple machinery, lor the purpose of more effectually elevating the 
marl and draining tbe pit, that it may not be necessary to abandon 
eac^ excavation at the trivial deph of ten or twelve feet, aud to incur 
the labor of uncovering iresh surfaces of the marl bed. 

Marl from the farm of Michael IMla, three miles from Woodstovm. 

Deecription. — Color, dull green ; the washed grains very fine and 
of a very rich sea-green color. 
Com^Hmtion. — In 100 parts : 

Greensand, . - . . . gs-g 

Clay, 14-5 

Quartzose sand, ... - 2-00 

10000 

The proportion of potash in this marl, dednced from that of the 
greensand, is 9.6 per cent. 



^^ 
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Marl frmn the farm of Mr. Benjamin Coulson, three miles from 
Woodatown, on the road to Mullica JJill. 

Description. — Color very rich voidigris green ; wasbed granules, 
dark, ricfi, oHve green, rallier large in size. 

Composition. — In 100 parte: 

Greensand, - - - - -• 90 

Clay, 10 

QuartzoBe Band, - . . . none. 

100 
The proportion of potash in this mati by analysis is lO'l per cent. 
Marl from thefai-m of John Dickinson, two miles from Woodattnon. 

Description. — Color light sea green ; the crashed grains differing 
from tbo original only in their deeper color. 
Composition. — In 100 parts : 

Greensand, - - . . . 9269 

Clay, 7-41 

Quartzose ..... none. 

100-00 
The proportion of potash in this marl by direct analysis is 10'4 per 
cent. 

Marl from the farm of Mr. Allen WallacSy two miles from Woodv- 
town. 

Description. — Color dark sea green ; washed granules still darker, 
size rather* large. 

Composition. — In 100 parts : 

Greensand, - - - - - 90-00 

Clay, 8-00 

Quartzose, . . . . . 300 

100-00 
The proportion of potash which this marl contaios by analysis is 
10-2 per cent. 

Marl from the farm of Jonathan Cauley, three-quarters of a mile 
from Woodstown. 

Desoription. — Color a clear, light-green ; washed granules a little 
darker ; size, large. 

Composition. — In 100 parts : 

Greensand, ... - - 86 

Clay, ..... 14 

Quartzose sand, .... none. 

100 



^ 
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The proportion of potash which analysis shows in this marl is 10*3 
per cent. 

Marl from the farm of Elizabeth Borton^ two miles northeast of 

Woodstowriy Gloucester county. 

Description.— Color dark, grayish-gree ; washed granules, dark 
green, of medium size. 

Composition. — In 100 parts : 

Greensand, - - - - . 90-13 

Clay, 9-87 

Qiiartzose sand, . • . . none. 

10000 

The potash in this marl deduced from that in the greensand is 10*3 
per cent. 

Ma/rlfrom the farm of Mr. Jonathan BUey^ Woodstovm. 

Description. — Color dull greenish gray ; the washed grains of a 
very rich sea green color, and very small in size. 
Composition. — ^lo 100 parts : 

Greensand, - . - . - 88-28 

Clay, 11-72 

Quartzose sand^ - - - - none. 

Carbonate of lime, - - - a trace. 



100-00 



The proportion of potash as deduced from the greensand is 10*1 
per cent. 

Marl from the farm of Mr. Samuel White^ Woodstovm. 

Description. — Color, light sea-green ; the washed grains coarse and 
of a dark sea-green color. 
Composition. — In 100 parts : 

Greensand, - - - . . 88*26 

Clay, ..... 8.74 

Quartzose sand, .... 300 

100-00 

The proportion of potash in this marl, by direct analysis, is 10*3 
per cent. 

Marl from the farm of Mr. Henry Guest, near SkidUown. 

Description. — Color, dull sea-green ; the washed grains small in 
ei^e and of a dark sea-green color. 





18 GEOLOGY OF NEW JERSEY. 

Composition. — In 100 parla : 

Groenaantl, .... - 48-30 

Clay, 2U7 

Qiiartzose sand, .... 30-23 



Tlie proportion of potash in this marl, as deduced from the groen- 
fiand, bIiuwd by analyeia, ib 9 per cent. 

Marl from the farm of Paul Skull, three milea northeast of 
S&ulltown, Salem countij. 

Description. — Color, dull grajiali-green ; the waslied grains rather 
large in eize and of a deeper green color. 
Composition. — In 100 purts; 

GreeU6and, ..... 91.5 

Clay, 7-5 

Quartzose sand, - . - - 1"0 

100-00 

Tlie proportion oi potash cinitained in ttiia marl, shown by analysis, 
is U per cont. 

In the vicinity of Sharptown, and in twi." places near Dr. Swing's, 
upon the road from tbence to Salem, the marl stratum is pretty fully 
exposed, and seems to present altnoat precisely the same succession of 
beds aa seen at Mullica Ilill. Tbe upper stratum invariably couBista 
of little else than the green granules, their color being a ligbt verditer 
green, and on drying rarely prtsent tbe white crust npon the grains 
Been in tlie darker sort. The dark green bed possesaeB a larger share 
of dark clay intermingled with tbe grains, which, according to its 
hue, imparte different tints to the stratum. The grains themaelvea 
are not of a very deep green. In Dr. Swing's neighborhood, the 
lower bod aluna is used, under the impression, not based npon expe- 
rience, however, that the olher is inert. This lower marl bas proved 
to be highly beneficial, tbe evidences of which may be seen npon Dr. 
Swing's farm. Yot this lower bed is apparently identical in all re- 
speds with the lower stratum at Mullica Ilill, where it is pronounced 
equally ineflicient with the upper. This fact ought to snow us how 
many experiments remain to be made before we can pass a final 
judgment npon tbe uon-exiatonce of fertilizing properties in nny of 
these marls. The lower bed here contains but few shells. At Wuods- 
town there is one layer containing a prodigious abundance of the 
gryphea convixa, nnd a less proportion of one or two other species. 
Shark's teeth and the bones of the fossil crocodile are not nncommon. 
Tlie shells possess but a small amount of lime, much of it having 
been dissolved away, and its place aujiplied by oside of iron, from 
which ihey derive their brown ferrnginons color, Their presence is 
therefore of little or no benefit to the marl. 
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Mart from the farm ef Dr. Sunng, near Sharptoum. 

2?eacription. — Color, dark earthy-green ; the washed graina of the 
aame color, and large in Bize. 
Composition, — Id 100 parte : 

Greensand, - - • - - 91-20 

Olay, 8-80 

Qaartzose aand, .... none. 

100-00 
Potash, by direct examination, 10 per cent 

Fonr miles to the soutfaweet of Sharptown, the surface of the conn- 
tr7 anddenly drops twenty-five feet, or more, to a lower level forming 
an extensive plain, characterized by a clayey soil, and noted in this 
section of the Slate for its greater relative fertility. The same tract 
borders in a belt a few miles in width, the Delaware river and bay, 
to Cape May. Thronghont the whole of this area, in conaeqnence of 
the very amall elevation of the sntface above the tide, the marl stratum 
ie scarcely once intersected by ravines or streams ; tnangh I entertain 
bnt little donbt that it spreads itself in the southwest direction to the 
Delaware. At Joseph Bassett'a, about four miles from Salem, the 
marl maybe seen at a small depth beneath the surface. It resembles 
in all respects that which is generally the tower stratnm; containing 
the same mixture of clay, tbe same shells, and having the same white 
efflorescence. The principal fossila are gryphea convexa, exogyra 
coatata, ostrea falcaia, and several spiral nnicalves in the state of 
casts, finely preserved, from which we may justly infer that the 
stratum is not very wet. Teeth and bones also occnr. 

Marl from i3ta farm ef Jo^h Basaett, north aide of Branch. 

Description. — Color, dirty-green, unchanged by washing. 

Composition. — In 100 parts : 

Greensand, - . . . . 89-81 

Clay, 5-19 

Qaartzose sand, .... 5-00 

10000 
I The proportion of potash in this marl, deduced from that in the 

greeuaand, is 10*3 per cent. 

Marl from tha farm of Jam^ Smith, Mannington HiU, Sai^mcounty. 

Detcr^tion. — Color, rather green, of average depth of tint ; tbe 
washed greenaaDd is of a rich dark green. 
Composition. — Id 100 parts: 

Groenaand, ..... 88-80 

Olay, 10-20 

Qnartzoee sand, .... i-oo 

100-00 
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The proportion o{ potash which this marl contains, by direct analy- 
818, is 9'5 per cent, 

Marl from the farm of Woodnut Petit, near Manniru/ton HiU, 
Salem county. 

Description. — Color, light yellowish-green ; washed grannies dark 
green, of medium size. 



Composition. — In 100 parts : 
Grcensani), 
Clay, 
Qaartzose sand, 



77-15 
18-35 
4-50 



The propot'tion of potash in this marl, dednced from tliat in the 
greensand, is 8-8 per cent. 

I have thus brought my obserratioos as far to the sontliweet as any 
traces of tha marl stratam show themeelvee. The chief object of the 
Dumerons details here given is to furnish hints, poeBibly of some fatore 
advantage to the several neighborhoods specihed, and moreover to 
awaken in each district a spirit of inquiry and experiment, which, 
should it ever be aronsed to vigorous activity, must sooner or later be 
productive of the greatest benefits to the whole marl region, and to 
the State at large. 

CHAPTER II. 

DJSTfilOr B0DTHEA8T OF THE HABL TBACT. 

The physical features of the extensive sandy plain which reaches 
from the soutlieastern margin of the greeneand, almost to the seacoast, 
have already been described. It only remains for me to detail a few 
poims in its geologj' of a chiefly practical bearing. There are some 
small tracts of tertiary calcareous marl, its nnmerous deposits of bog 
iron ore, and llic extensive stratum of white glass-maker's sand, with 
which its surface is covered. 

SECTION I. 

Tertiary Calcareous Marls. 

These are highly interesting in a twofold point of view : first, in 
reference to our agricnltnre, as occnrring in the midst of a re<;ion of 
sandy soils wlieri: the greensand marl, lime, and other like Bources of 
fertility are remote ; and secondly, in reference to the projircsa of our 
scientitic geology, from being the only tertiary formations yet dis- 
covered in tiie iState, and at the same time the extreme nurtheastern 
limit of the very extensive range of the tertiary deposits of the Atlan- 
tic border oi the middle and sonthem States. 
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The geology of these beds is at present somewhat obscure, though 
the few fossils found prove that tney belong to one of the oldest 
periods of our tertiary formations. Their range is very circum- 
scribed, the only locality of much importance being near the western 
corner of Cuoiberland county. Nevertheless, the deposit demands a 
brief description from its economical value to the neighborhood 
where it occurs, and the clew which it may furnish to corresponding 
strata in other sections of the sea-board region of the State. 

These small insulated patches of tertiary, are evidently referable 
by their fossils to the miocene epoch, notwithstanding the dispropor- 
tion of extinct over recent species. We can at present enumerate 
only about thirteen clearly recognized species, twelve of which are 
no longer in existence. Thougn this proportion might rather imply 
an eocene date for the deposit, the numoer of discovered fossils is too 
few to justify as in conluding this to be the actual relation of the ex- 
tinct to the recent shells ; while on the other hand, all the species are 
either identical with those of the miocene of Maryland and Virginiap 
or exhibit a close analogy of form. 

The position of the pnncipal known tracts of tertiary in the State 
will be seen by consulting the geological map. 

The principal deposit of these tertiary marls occurs in Cumberland 
county, upon the upper part of Stow creek and its tributaries, but 
whether it extends furtner through the country, concealed by the 
superficial sands, or, what js more likely, occupies what was onginally 
a cove or bay in tlie midst of the adjacent sectmdary strata, are points 
still obscure. At El well's pits, about two miles northwest of Koads- 
town, the deposit shows the following features : 

The superncial stratum of the neighborhood is a rather coarse yel- 
low sand, five or six feet thick in the bank where the marl is excava- 
ted. Beneath this, there is a layer four or five feet thick, of a red- 
dish yellow clay, abounding in traces more or loss obscure of fossil 
shells in an extremely rotten and decayed condition. Beneath this 
there is a bluish-green clay containing a multitude of the same fossils 
in a somewhat less decomposed state, though very soft and tender. 
These two fossiliferous beds are in some places twelve feet thick, and 
rest npon a dark greenish-blue adhesive sand, bearing a close resem- 
blance to the tenacious s.mdy clay of the greensand formation. In 
the adjacent bank it has the prevailing color of that bed, and the same 
aetringent substances (copperas, &c.,) which characterize it so gener- 
ally. The mass of loose, friable clay, both yellow and green, exhibits 
a very considerable portion of carbonate ^ZtW derived from the 
decomposition of the shells, and the calcareous matter of these fossils 
themselves. It is a marl calculated to be especially beneficial upon 
the very sandy land of the vicinity. It will be found valuable as a 
fertilizer in proportion to the lime which it contains, the crumbly 
state of the shells, and its freedom from sand. 

Tlie description here given of Elwell's marl, will apply pretty well 
to the other marls excavated upon the same streams, with this reser- 
vation however, that the shells in some localities are less rotten and 
in their nature less destructible, which is the case with those of the 
oyster. These occur in one part of die deposit at Davis's bank ; and 
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&1bo id the greater number of the openings higher ap the Btream, 
where tlie clay seems to poescEB a rather larger share of the Band. 

Another BtrHtnm of the same geological age, occurs aboat a znile 
and ft half southeast of Fairton, and near the Rattlesnake run. It is 
a very thiu bed of a similar bluish clay, cootBioing a small propoption 
of decomposed shells, and resting, like Stow creSt tnarl, npoa the 
same astringent argillaceons sand. It also is of two varieties, one 
containing only oyster shells and much sand : the other being more 
clayey, and possessing a larger amonnt of calcareous matter, and the 
fossils in a very decayed state. The deposit here has not been moch 
developed, though it obvionaly deserves to be zealonsly explored. 

Hudi of the value of a marl of this description depends npoa the 
condition of the shells which farnish the lima. These may be very 
indestructihle, tLe case not generally with the oyster ; or, on the con- 
trary, so easily decomposed, aa to be found generally in that chalky 
and decayed state necessary to constitute a good marl. The largest 
and at the same time one of the most .abundant fossils in the Stow 
creek marl, is the Perna maoiiUata, a thick, flat, pearly shell, dividlog 
into numerous thin scales, and valuable from the readiness with which 
it decays and distributes its calcareous particles. 

In excavating marl in this neighborhood, it is all important to avoid 
mixing with tne calcareous stratum any of the astringent matter 
which lies immediately beneath. This is noxious to the crop and 
seriously detrimental to the soil. It will be known by its taate, aad 
its rarely containing fossils. 

I have accompanied this account with the following analyses of 
these mails, for the purpose of ascertaining for tJie inhabitants of the 
quarter interested, the relative elEcacy of different specimens from 
several localities. 

1. A specimen of average richness from the marl pita of Mr. 
ElwoU, yielded 

Lime, - - 25'5 ) Carbonate of lime 4:5'5 

Carbonic acid, • - - 200 1 per cent. 

Greenish residue, chiefly clay, with 

some oxide of iron, 51*0 

Loss, - - - 00.5 

1000 

The shells in a very rdtten chalky state, principally P-:i'iias, and a 
good many email tnrriled univalves. 

2. A specimen of the better variety in Mr. Davis's pits, afforded 
Lime, - - - 20-6 1 Carbonate of lime 36-8 
Carbonic acid, - - - 16*2 ) per cent 
Greenish residue, olay and sand, 

containing some oxide of iron, 6S'0 
Loss, - - - 00-3 

1000 



--^ ' '" 
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The flliell^ matter macli decayed, conaisting chiefly of Pernaa and 
ThirriteUa. 

8. The FairtoQ marl affords from the beet variety 

Lime, ... i9-o 1 Carbonate of lime 34 

CarboDic acid, ■ - - 160 f per ceDt. 

Greenish residue of claj and eand, 65.6 

Loea, - - 00-5 

1000 

The shelly matter fragments of Pema. 

The inferior variety, consisting of Band witli a little clay and shells, 
belonging to a species of oyster m an ondecayed condition, contained, 
in two examinations made, not more than four per oent. of carbonate 
of lime, after the shells were picked ont. 

Bog Iron Or«t. — This district is characterized by an abnndant 
ffnpply of bog iron ore, which soatains, in fact, a principal part of its 
znsDnfaotnring industry. 

The origin of the deposits of bog ore of the region before as, we 
can readily understand, by adverting to the very ferrnginons nature 
of nearly all the strata, both the greensand and tbe beds overlying it. 
The water, not only in the marl region proper, bnt thronghoat the 
adjaoent tracts, contains very generally a considerable quantity of the 
ozMte of iron, which it procnres in its passage through the upper 
strata. Upon coming into the open air it parts with the carbonic 
acid, the agent by which it is enabled to retain the oxide of iron in 
the dissolved state ; this it quickly precipitates, and hence tJie acca- 
miilationB of bog ore in all situations where the loir grounds are 
entered by springs passing oat of the more ferrnginons beds of sand 
ftnd clay. As some of these, the marl stratum lot instance, contain 
a notable proportion of the pliosphate of iron, we discover whence 
the bo^ ore is contaminated with phosphoric acid, producing a cold 
abort iron. The source of the ore accounts for the interesting; fact 
that, after being dng, the deposit is again renewed after a series of 
years. In some places, the re<^uiaite period does not exceed twenty 
years. It is essential to the continual deposition of the ore, that the 
soil in which it is precipitated should not be droned, but that it 
should be incessantly washed by the ferruginous springs. Where the 
water from these is enabled readily to escape, and the surface of the 
ore laid bare and exposed to the rains, the oxide of iron vanishes 
almost as rapidly as it before sccnmnlated. The lumps retun, it is 
tme, the cellular structure of bog ore, but the matter left consists 
almost entirely of the more earthy portions, from the solvent power 
of rain water for oxide of iron in the loosely cohering state in which 
it exists in the ore. The rain water seems to owe its capacity of dis* 
solving the iron in the ore to the small quantity of carbonic acid 
which it collects in its passage through the atmosphera 

We derive one important hint from these facts ; namely, that those 
who make nae of this variety of ore should avoid keeping large accn- 
mnlatiiHiB exposed to the weather as we so frequently witness at the 
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furnaces in the section of the State wliere tbe bog ore abounds. It 
should be dug, in fact, only rb it is needed. 

The map accompanying this report will exhibit the general limits 
of tbe several tracts of bog ore, both those confined to the greensand 
region and those of far greater extent, which occcnr in the wide^ 
sandy country lying between it and the ocean. While the areas 
represented on the map embrace all tbe deposits of magnitude and 
importance, they are not to be regarded as containing the bog ore 
throughout every portion of their surface. On the contjary, the min- 
eral hes principally along the borders of the main streams and their 
tributaries, and in tlie beds of those extensive swamps and vet mea- 
dows, with which, owing to the sluggishneBS of the waters, they are 
generally surrounded. 

Two great deposits, incomparably the largest in the State, border 
the priocipal tributaries of tbe Little Egg Harbor river. The most 
western of these is connected with the waters of Atsion river and most 
ot its branches, extending from near tlie sources of these streams, in a 
tolerably wide belt, southeastward to Landing creek. Tbe length of the 
tract within which the bog ore is found, on nearly all the tributariee, 
is about twenty miles, wliile we may state its average breadth at 
^ree miles. The otiier, or eastern tract, lies along the Tulpehaukia 
or Wading river, and its several branches. It covers an area qaite 
as extensive as the former, but tbe deposit of ore in this latter dis- 
trict is greatly inferior in abundance to that on the Atsion river, par- 
ticularly in ine ntigh borhood of Atsion iion works. 

Tbe several minor deposits of bog ore are coufined to the limits of 
the marl region. 

One of these occurs on Talman's creek, a small tributary to the 
Kancocns ; another is found upon the south branch of the KiincocaB, 
near its junction with the north Branch ; and another lies on the 
Manasquan river, near the little villnge called Georgia, in Monmouth 
county. Other similar deposits are met witli on the Manalapan and 
Machaponix creeks, in Munmoulh county, two small tributaries of the 
Sonth river, which flow into the Raritan. 

The usual features of the beds of bog ore,their probable origin,and the 
peculiarities in tbe structure of the ore itself, will be understood by 
the following description of those which otcur in the vieinitT of 
Atsion iron works, which may he regarded as representing these 
deposits generally. 

The Atsion river takes its origin within a mile of Longacoming. In 
the greater part of its course it flows throngh extensive flats or cedar 
swamps, the water becoming, in its passage through them, highly 
tinged with vegetable matter, 

Near to the source of this stream, and at numerous other places 
along its course, the sand, though of a snowy whiteness on the sur- 
face, presents a ferrnginons tinge wherever the inferior layers are to 
be seen. The water, oozing from tlie sands, c irries with it more or 
less of the oxide of iron, derived evidently from the npper and more 
exposed parts of the stratum, depositing it as it reaches the air. 

Within two miles of the source of the Atsion, bog ore is found, 
though not in very considerable quantity. 
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rrbe ores which are oaed at the Ateion works, are oLtaincd from 
mbove the furnace, the preEeot excavalions are chiefly atabont three 
or four miles above the pond or dam which enpplies the water power. 
Oreat qnaDtitiee uf the ore are ako taien from the bed of the pood 
daring the winter, wheB the furnace is out of blast and the water is 
drained oS. The ores wbicli are used at this faroace are, the lofim 
are, theseedore, and the masaiveore. The swamps of the river (which 
is Tather slufreish) are extensive, and form nnmerons shallow coves, 
Boxne of wbicn are covered with water to the depth of about a foot, 
while others contaia a very spongy peat, wblch is always found on the 
edges. Tbe ore is chiefly taken from these coves when the water is 
not too deep, especially along their wet margins. Excavations eight 
or ten feet sqnare are made, oetween each of these a thin dike is left, 
so aa to prevent the water from one flowing in npon the workmen in 
the others. The three kinds of ores are generally found in each hole ; 
the loam ore nearest the surface, the seed ore under this, and the 
massive ore at the bottom. In some positions, however, only one of 
these kinds occurs, unaccompanied by the others. In other positions, 
tbe several varieties may be seen in their varioas stages of maturity. 
The loam ore is that which appears to form first, being in reality 
merely the infiltration of ferrugnions sediment into the soil of the hoe. 
This, which is at first quite soft, becomes by the accumnlation of oxide 
of iron, heavier and more compact. In tbecentreof many lumps, tbe 
mus has a crystalline or regnlar ore-iike character. This structure 
would prevade the whole deposit, could it be exposed for a sufficient 
length of time to the correcting action. The loam is thus in time 
eoiDpletely replaced by the oxide of iron, which is seldom solid, but 
of a noDeycomb structure, the cavities being more or less filled with 
yellow alaminous matter. These ores are ootained in various condi- 
tions of compactness. That which is partly concreted, partly pulveru- 
lent or loamy, is called young ore, a variety which experience shdwa 
to be better adapted for easy fusion than the more concretionary 
harder kinds. 

Great quantities of woody matter, such as stamps and trunks of 
trees, abound in these ore beds, completely converted into oxide of 
iron. The curious process of replacement wEiich has taken place, has 
preserved the precise form and strncture of the bark and woody fibre, 
down to the most delicate lines and markings. 

Analyses. — ^The following analyses will display the composition of 
the bog ore, in its ordinary varitjties. 

Bo<^ Ore. — Ainon Iron Works. 

I>esoription. — Variety called seed ore. 
Gomposiiion. — In 100 parts : 

Peroxide of iron, , . . . 66'10 

Alnmina, ----- '66 

Insoluble matter, ... 

Water, .... 

16 



^0-53 
12-54 
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The metallic iron in this ore amoaata to 45-83 per cent. 
Bog Ore. — Atsion. 

Description. — Concreted, cellular; taken fresbly from the bog. 

Composition. — In 100 parte : 

Peroxide of iron, - . . . 68*90 

Alnmioa, . . , . 2,87 

Insoluble matter, .... 13-99 
Water, . . . - . 14-04 

99-30 
Tlie Tnetailic iron anionnta to 47-71 per cent. 

Bog Ore. — Upper SquanTcum. 



Description. — Concreted, cellnkr. 
Composition. — In 100 pai-ta : 

"Peroxide of iron, 

Alnmina, 

Insoluble matter. 

Water, 



The amount of metaUio iron, is 5394 per cent. 

Bog Ore — Shreuisbury river, near ^tontowii. 



76-35 
0-23 
9-29 

12-76 

98-63 



Desoiiption. — Concreted, cellnlar. 
Composition. — In 100 parts : 
"Peroxide of iron. 

Alumina, - 

Inaolnble matter, 

Waterj 

Organic matter and loss. 



The amount of metallic iron in this ore is 46-1 



67-78 
a trace. 

18-54 
8-69 
4-99 

100-00 
3 per cent 



White Sand/or Glass-Making. 



Upon the Manrice river, about three miles below Millville, in Cum- 
berland connty, an important localitj occnrs which furniahes this 
valuable material in great abundance. This deposit of sand presents 
H number of layers, more or less approximating to absolute parity ; 
bat previous to its being employed in the glass-house it is always ne- 
cessary to sabmit it to a careful washing in order to diacbare a small 
quantity of yellowish and slightly ferrnginoos clay, with which it is 
intermingled in the bank. Alter the w^ing it ii a pure transparent 
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^nartzoBe Band, the grains of which are small and of very uniform 
size. There are five glass-houBes in the vicinity of Millville, besides 
many at a distance which are snpplied with sand from this spot. 
INaineronB other places thronghont tne very sandy district before na 
yield a mateiial equally good, but scarcely any other point yet ex- 
plored offers ttie same readiness of aeceBs, 

In the neighborhood of Mount Hope much good sand is found; it 
is used at the Wiiidslow and several other glass worka. The eand 
used at the Waterford gla^s works ia procured in the vicinity of that 
«stablishmeDt. 

Within two miles of tlie BrookUn glass works good sand is procur- 
ed, and is employed both in these and in the SqnaDkum worke. 

The neighborhood of Jackson's glass works furnisheB a sand well 
adapted for the mana&ctare of both window and bottle glass. 



fit. Ul 

] 
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